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INTRODUCTION

Coronary heart disease (CHD) is the largest cause of mortality in most industrial
countries. CHD is also rapidly increasing in many developing countries.

However, CHD mortality rates have been faling since the 1970s in the UK, and in
many other developed countries,. These trends need to be explained in order to explore
different policy options for CHD prevention.

OBJECTIVES
The objectives of thisresearch programme are

1. To document and criticaly review CHD data, and define the burden of CHD
mortality and morbidity in a variety of countries (England and Wales, Scotland,
New Zedand, Finland, the USA, Australia, Italy, Sweden, China, Hong Kong and
elsewhere;

2. Toexplain mogt of the recent fallsin CHD mortality in these countries (and rises in
countries such as China);

3. Toestimate the life years gained by modern cardiologica treatments, and by
changes in cardiovascular risk factor levels;

4. To examine the potential benefits of increasing the uptake of cardiologica
treatments;

5. To estimate the potential benefits of reducing cardiovascular risk factors

6. To calculate the cost-effectiveness ratios of these interventions

7. To continuously improve, refine and develop the IMPACT Model.

METHODS

In each country, al potentially relevant CHD data are identified, criticaly reviewed,
used to assess the burden of disease and then used to create an IMPACT CHD Mode
for that particular population. The main data sources include official statistics, clinical

audits, national surveys and peer -reviewed publications.

The cell-based IMPACT Mortality Model has been extensively developed and refined
to better synthesise data for each specific country describing:

a) CHD patient numbers, b) uptake (use) of specific medical and surgical treatments,

¢) treatment effectiveness (mortality reduction), d) population trends in major
cardiovascular risk factors, €) effectiveness of risk factor changes (change in mortality),
using published trials and meta-analyses f) median survival in specific groups of
patients and healthy subjects, and costs of specific interventions.

All data and analyses are routinely stratified by ten year age groupsin men, and in
women.



Sensitivity analyses using Brigg's ‘Analysis of extremes approach are then performed
in each study.

RESULTS

1. England and Wales (1981-2000)

CHD data were surprisingly patchy and mixed in quality. In 2000, an iceberg of disease
was demonstrated in the England and Wales population of 51million, with
approximately 60,000 patients undergoing revascularisation each year, ailmost 3 million
patients living with CHD and over 32 million possessing one or more elevated risk
factors.

Between 1981 and 2000, England and Wales CHD mortality rates fell by 62% in men
and 45% in women aged 25-84. This resulted in 68,230 fewer deaths in 2000, when
compared with the 1981 baseline. Approximately 42% of this mortality fall was
atributable to treatments in individuals (including 8% from initial treatments of acute
myocardia infarction, 11% from secondary prevention, 13% from heart failure
treatments, and 3% from hypertension treatments). Some 58% of the mortality fall was
attributable to population risk factor reductions (principally smoking 48%, blood
pressure 9.5% and cholesterol 9.6%). Adverse trends were seen for obesity, diabetes
and physical activity. Overall, the model explained approximately 96% of the mortality
fal in men, and 79% in women. [Unal et al, Circulation 2004]

The 68,230 deaths prevented or postponed in 2000 corresponded to approximately
994,610 life-years gained. Specific treatments for CHD patients gained approximately
194,145 life-years (minimum estimate 142,500, maximum estimate 259,220).
Population changes in the mgjor risk factors (smoking, cholesterol, blood pressure)
accounted for over three times as many lifeyears gained (approximately 800,465,
minimum estimate 602,690, maximum 879,420). Adverse changesin physical activity,
obesity and diabetes resulted in a loss of approximately 92,600 life-years (minimum
68,350, maximum 100,760). [Unal et al, Am J PH 2005]

In 2000, al medical and surgical CHD treatments together prevented or postponed
approximately 25,760 deaths. However, treatment uptakes were generally poor, only
30% - 60% of eligible patients were receiving appropriate therapies. Increasing
treatment uptake to reach 80% of eligible patients (the NSF CHD target) would have
prevented or postponed approximately 20,910 further deaths (minimum 11,030,
maximum 33,495), almost doubling the actual gain from therapies.

Using 2000 as the baseline, continuation of recent risk factor trends should result in
approximately 15,145 fewer coronary deaths in 2010 (min 12,170, max 17,290).
However, achieving the modest additional risk factor reductions aready seen in the
USA and Scandinavia could potentially result in approximately 51,185 fewer deaths in
2010 (minimum 39,395, maximum 72,330). [Unal et al, J Clin Epid]
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2. Scotland (1975-1994)

There were 15,234 CHD deaths in 1994 in the whole Scottish population of 5.1 million,
6,205 fewer deaths than expected if there had been no decline from 1975 mortality rates.
(a34% fall overall). In 1994, the total number of deaths prevented or postponed by all
treatments and risk factor reductions was estimated by the IMPACT Modd at
approximately 6747, (minimum 4790, maximum 10695). Some forty percent of this
benefit was attributed to treatments (initia treatments for acute myocardia infarction
10%, treatments for hypertension 9%, for secondary prevention 8%, for heart failure
8%, aspirin for angina 2%, CABG surgery 2% and angioplasty 0.1%).

Approximately fifty one percent of the reduction in deaths was attributed to measurable
risk factor reductions. (Smoking 36%, cholesterol 6%, the secular fall in blood pressure
6% and changes in deprivation 3%). Other, unquantified factors apparently accounted
for the remaining 9%. These proportions remained relatively consistent across awide

range of assumptions and estimates in a sensitivity analysis. [Capewell et al, Heart 1999]

3. New Zealand (1982-1993)

In Auckland, New Zealand, (population 996,000), there were 557 fewer CHD deaths in 1993
compared with 1982 mortality rates. Half the mortality fall (48%) was attributable to medical
treatments, [mainly for myocardial infarction, secondary prevention, hypertension and heart
failure]. The remaining 52% was attributable to risk factor reductions, principally smoking.

In Scotland, there were 6203 fewer CHD deaths in 1994 compared with 1975 mortality rates.
These proportions remained relatively constant using a robust sensitivity analysis, and were
consistent with comparable studies in USA and Holland. [Capewell et al, Circulation 2000]

4. Finland (1982- 1997)

Finland has been a very active country in coronary heart disease prevention
since the 1970s when the coronary mortality was one of the highest in the
world. Based on active programs coronary heart disease mortality has been
declining in Finland since 1960s. Decline in serum cholesterol, blood pressure
and smoking explained almost all the decline in mortality during the 1970s.
Since the 1980s mortality has declined more than might be predicted by risk
factor declines alone.

The aim of this study was to assess how much of the fall in coronary heart
disease (CHD) mortality can be attributed to medical treatments, and how
much to cardiovascular risk factor reductions.



Cardiovascular risk factors were measured in independent random samples in
1982 and 1997 in three areas in Finland: North Karelia province, Kuopio province
and south west Finland. The sample sizes for population aged 35 to 64 years in
three areas were 8501 in 1982 and 4500 in 1997 and the total population aged
35 to 64 years in the same areas was 250 000. Treatment data on cardiac
patients and mortality data were obtained from myocardial infarction registers,
the national mortality register, patient medical records and Social Security
registers.

Between 1982 and 1997, CHD mortality rates fell by 63%, with 373 fewer CHD
deaths than expected from baseline mortality rates in 1982. The IMPACT model
explained 78-96%% of this fall. Contribution of improvements in treatments to
CHD mortality reduction was 25% [acute myocardial infarction 3%; secondary
prevention 10%, heart failure 2%, and angina 10%], and 53% to risk factor
reductions [cholesterol 37%, smoking 9%, population blood pressure 7%)]

These findings emphasise the importance of a comprehensive strategy which
promotes primary prevention programmes, particularly for diet, smoking, and
blood pressure reduction and which also actively supportssecondary
prevention programmes, and maximise the population coverage of effective
treatments. [Laatikainen et al, 2005]

5. Ireland (1985-2000)
Between 1985 and 2000, CHD mortality rates in Ireland fell by 47% in both men and

women aged 25-84. The ‘observed' fall in deaths and the reduction estimated from the
model in 2000 compared with 1985 were 3763 and 3632 respectively. Some 48.8% of
the observed decrease in mortality was attributed to treatment effects, including 18.0%
secondary prevention, 14.0% heart failure 8.4% chronic angina, 4.5% initial treatments
of acute myocardial infarction and 1.6% hypertension treatments.  Approximately
47.7% of the observed mortality fall was attributable to favourable population risk
factor trends; specifically declining smoking prevalence (25.6%), and falls in mean
cholesterol concentrations (29.8%) and blood pressure levels (6.0%). These trends were
partialy offset by increases in adverse population trends related to obesity, diabetes and
inactivity ( 13.8%). [Kabir et &, 2006]

6. Beijing, China
Coronary heart disease (CHD) mortality is rising in many developing countries. We

examined how much of the increase in CHD mortality in Beijing between 1984-1999
could be attributable to changes in major cardiovascular risk factors, and assessed the
impact of medical and surgical treatments.



Methods and Results: A validated, cell-based mortality model synthesised data on: a)
patient numbers, b) uptake of specific medical and surgical treatments, c) treatment
effectiveness, d) population trends in major cardiovascular risk factors (smoking, tota
cholesterol, blood pressure, obesity, and diabetes). Main data sources: WHO MONICA
and Sino-MONICA studies, Chinese Multi-provincial Cohort Study, routine hospital
statistics and published meta-analyses.

Age-adjusted CHD mortality rates increased by approximately 50% in men and 27% in
women (1608 more deaths in 1999 than expected applying 1984 rates). Most of this
increase (around 77% or 1397 additional deaths) was attributable to substantial risesin
total cholesteral levels (over 1 mmol/l), plus increases in diabetes and obesity. Blood
pressure decreased slightly, while smoking prevalence increased in men but decreased

substantially in women.

In 1999, medical and surgical trestments in patients together prevented or postponed
approximately 642 deaths, mainly from initial treatments for acute myocardia
infarction (approximately 41%), hypertension (24%), angina (15%), secondary
prevention (11%), and heart failure (10%). Multirway sensitivity analyses did not

greatly influence the results.

Much of the dramatic CHD mortality increases in Beijing can thus be explained by rises
in total cholesteral, reflecting an increasingly 'Western' diet. Without cardiological
treatments, increases would have been even greater. [Critchley et al, 2005]

CONCLUSIONS

Coronary heart disease represents a massive burden of disease inthe UK, and in most
industrialised countries. Recent fallsin CHD mortality rates reflect a combination of
risk factor improvements and modern therapies.

However, much greater mortality reductions appear possible. Future strategies should
therefore maximise the delivery of appropriate therapies to al eigible CHD patients.
Most crucialy however, effective policies for healthy nutrition and tobacco control
might potentially halve current CHD deaths in England and Wales.

Similarly substantial benefits might be expected in many other countries.
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ACE Angiotensin converting enzyme
AMI Acute myocardia infarction

BRHS British Regional Heart Study
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CABG Coronary artery bypass graft
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CVvD Cardiovascular disease

DALY Disahility adjusted life years gained
DPPs Deaths prevented or postponed
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HES Hospital Episode Statistics

HSE Health Survey for England
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NHS National Health Service
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IMPACT CHD POLICY MODEL

INTRODUCTION

1.1AIM
To achieve arefined coronary heart disease model, which
a) explains most of the recent fall in CHD mortality in England and Wales
b) quantifiesthe years of life gained by such mortality falls,
¢) explores potential gains from medical and surgical treatments and
d) compares potential gains from future changes in cardiovascular risk factors

in order to explore future policy options for CHD prevention.

1.2 OBJECTIVES

1. Toidentify, select and review criticaly CHD data from various national and local

UK sources
2. To define the burden of CHD in England and Wales using the existing data

3. To update and transform the original Scottish IMPACT Model (1975-94) into an
English IMPACT Model, and incorporate relevant English and Welsh data.

4. To explore, test and develop a variety of methodological refinements to the existing
CHD IMPACT Modé, including:

- reviewing b coefficients for smoking, cholesterol and blood pressure
- seeking b coefficients for diabetes, obesity and physical activity
5. To explain mogt of the recent fallsin CHD mortdity in England and Wales

6. To estimate the life years gained attributable to modern cardiological treatments,

and to changes in cardiovascular risk factor levels.



. To estimate the potential benefit of increasing the uptake of effective cardiologica
treatments.

. To estimate the potential for cardiovascular risk factor changes to reduce CHD
deaths in England and Wales by 2010.



MODELLING

(from Belgin UNAL’sPhD Thesis, University of Liverpool 2004)
“All models are wrong but some are useful” (G.E.P. Box, 1978)%"

Improving population health through effective interventions remains the fundamental
challenge for public health practitioners and policy makers. Decision-makers at the
population, clinical, and individual levels often need to choose the ‘ best intervention’
for a health problem. However, limitations on resources, time and information can make
the decision process very complex. Assessing the value of a health intervention requires
consideration of many eements including the size of the target population, the
prevalence of the disease, and the intervention’s effectiveness and cost?®,

Models are tools that potentialy allow users to take into account al these points

together and evaluate the intervention options.

1.3What isa model and why are models used?

A model is asimplification of reality. Models range widely, from simple, descriptive
tools (such as a plan of a house), to systems of mathematical equations, which can
explain past disease trends?®®2'°, or which predict future events such as disease
epidemics™Y?2, Models are also widely used in environmental surveillance? and
predicting impact of natural disasters®*. Such models, therefore, intend to increase

understanding, facilitate prediction, or assist in decision making®®.

Weinstein et a recently defined a mode as an ‘analytic methodology that accounts
for events over time and acr oss populations, based on data drawn from primary or
secondary sour ces, whose purpose is to estimate the effects of an intervention on
valued health consequences and costs!® In other words, a modd is a logical
mathematical framework that permits the integration of facts and values, and which
links these data to outcomes that are of interest to health-care decision makers. Models
can thus potentially synthesize available evidence on risk factors, health outcomes and
costs from many different sources, including data from clinical trials, observationa

studies, case registries, surveys and routine health statistics?®.
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Models are used to guide, or even dictate, policy decisions in many areas that affect
human life and health?™. Increasing health care demands require policy decisions based
on good evidence, particularly since resources are usualy limited. By openly and
explicitly combining local data with trial based effectiveness evidence, models can offer
increased transparency to the decision making process (particularly if their assumptions

are clearly stated).

Models can aso alow alarge amount of evidence to be considered simultaneously; by
combining and integrating into a coherent whole different types of data from controlled
trials, routine surveillance and expert consensus®. Models have been extensively used
in policy making and resourceallocation, since they permit policy makers to examine
future policy options, or to simulate the effects of different scenarios within a
population®*’. However, improved technology potentially allows both practitioners and
policy-makers to use these models, without necessarily understanding the modelling

assumptions or the limitations of the data®.

1.4 General types of models

There are many models in the health literature. They differ greatly in their methods.

Models can be classified in many different ways, based on their intended use
(descriptive or prescriptive), their use of probabilities (descriptive, deterministic or
probabilistic) 22 their analytical methodology (a decision tree or state transition model),
their application to a population (longitudina or cross-sectiona), or their purpose (risk
assessment, cost, effectiveness etc.). However these classifications are not mutually

exclusive, and amodel can therefore belong to more than one classification.

INTENDED USE OF MODEL

Descriptive models are designed to predict or illustrate the result of a clinical process.
Prescriptive modelsare used to compare two or more interventions to estimate the
optimal treatment option®. With respect to intended use, Weinstein also distinguishes
between clinical decision models, designed to guide clinicians or patients, and health
policy models, which will help decision makers or organisations with choosing the

appropriate strategy and allocating healthcare resources®.
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USE OF PROBABILITIES

Models can be classified into two broad groups based on their use of probability.
Deter ministic models use probabilities based on fixed-point estimates. Thus, the
probability experienced in a branch is a single fixed value. However, in stochastic
(probabilistic) models, the probability of experiencing a certain condition is not a
single fixed value but a range of values from a defined distribution. Deterministic
models are simpler, require less expertise to develop and can be run on less complex
computer softwares’. The majority of models are used to evaluate health care costs

and outcomes are deterministic.

The analytical methodology

Models can also be classified according to their use of time. Simple decision trees are
very useful for modelling if the events or health states do not occur repeatedly and the
likelihood of the event does not change over time. This modelling approach fits very
well for acute conditions such as bacterial infection, antibiotic therapy or adverse events
in a hospitalised patient. Recursivetrees involve treatment patterns or health states that
can repeat over time. The model stats with a cohort of individuas and follows them for
a period. In each year, individuas have arisk (probability) of developing the outcome.
The probability of developing the outcome may change every year, but otherwise each
year isasingle decision tree. Markov Moddling and other state transition models
are the logical extension of recursive trees for more complex events occurring over
time”. One limitation of Markov models is that they do not have memory; therefore
the chain of preceding events does not influence the likelihood of a given event at a
specified time. This limitation could be important for certain clinical outcomes, for
example the likelihood of a major depressive patient experiencing an acute episode may
depend on the number and timing of previously experienced depressive episodes™. In
general, recursive trees and Markov models are morecomplex than decision trees

models and require more effort, time and expertise.

LONGITUDINAL AND CROSS-SECTIONAL MODELS

All models include a population or group to estimate the outcomes. L ongitudinal
models calculate expected outcomes for ‘typical’ patients or cohorts and follow them
longitudinally through time to evaluate health outcomes resulting from alternative

interventions®®, It is therefore not possible to take into account demographic trends in
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the population or changes in treatment practice’™’. This approach is used more in

decision tree models, and outcomes might for instance be QALYs.

Cross-sectional models record the health outcomes of a cross-section of an entire
population or substrata, and then follow each person until the end-point of the
analysis®!8, The main difference between the two is that cross-sectional models are
based on the general population (stratified into different age and sex groups) whereas
longitudinal models are based on a cohort of identical subjects. For instance, patients
who survived M| and now €ligible for statin therapy could be used to assess cost-
effectiveness of this therapy in secondary prevention.

The unit of the model on which estimations ar e based

Models can be divided into two large groups, working on groups or at the individua
level. Spreadsheet or cell based models generally work on groups of individuals
whereas microsimulation models work on individual level. Since this difference is the
main determinant of the outcomes and estimations, these models need to be considered

here in more detail.

Microsimulation models (for example CHD Policy Model???, POHEM?*, Mui’s
Model??®, and CHD Policy Analysis®*) can simply project futureoutcomes for a given
individual, based on his or her sociodemographic, behaviour, and clinica
characteristics. Here, data from different observational studies such as Framingham
Heart study are used for risk estimates.

Microsimulation models could start with a representative sample or subsample of
individuals from a census or survey. They can be developed using an entirely synthetic
population, which resembles the population of interest. In this process, each individual
in the cohort is generated separately, and can be subjected to the probability of certain
events (such as death or development of a disease) over the smulation period. This kind
of model usually uses probabilistic rather than deterministic techniques. Since
microsimulation models are basaed on individua data, they may avoid bias due to
aggregation. Also, since they work on individual data, they can easily incorporate many
risk factors, and outcomes can be easily broken down according to specification of

individuals. However, despite their richness, these models have encountered criticism
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because of their complexity. Furthermore, development and maintenance of these

models can be costly in terms of time and money?Y’.

Cell-based models (IMPACT# PREVENT?®) are widely used in decision-making.
Their growing popularity can probably be attributed to increases in computer literacy

and computer power, plus easier access to organizational datef?®.

Cell-based models vary widely in size and complexity. To construct a cell-based
model, a population can be divided into subgroups, for instance, by age, sex, treatment
and risk factor exposure. It is assumed that al the individuals within any given
subgroup are similar if not identical. The probability (or rate) of an event occurring
during a specified time period is applied to the specific subgroup. T he estimated events
for each of the categories are then summed to produce outcomes for the whole

population.

Cdll-based models can have considerable detail on the population; for instance,

sometimes projections can be based on age-sex-race or marital status groups. However,

these models do not typically include individual-based longitudina information, and

their estimations are aggregated?®.

Cell-based moddls have several potential advantages compared to other model types:

- Spreadsheet software is widely available

- Depending on the complexity, the time, cost of building and maintaining it is
usually less expensive than microsimulation approaches

- While some require extensive training, most are relatively simple and user-friendly

- Many are very accessible; however, detailed assumptions should idedlly be available
for review .

These models also have some limitations:

- Spreadsheets may include erroneous formulag, incorrect ranges, omitted factors,
data input errors, incorrect use of built in functions and duplication of effort?%2’

- With addition of new variables, the number of cells can become unmanageable

Model classifications are not mutually exclusive; therefore a model can belong to more

than one category.
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1.5 The steps involved in developing a model
There are important steps to consider in developing a model®!’:
151 Problem definition

The question that the modd is to answer must be explicitly defined before starting to
build it. The disease(s) or outcome(s) being modelled, interventions under consideration
and the population should al be specified. The problem would usually have a clinical
relevance, and cause and effect relation should usually be well established.

152 Mode specification

The choice of model will influence the assumptions that need to be made and which will
therefore impact on the output. Microsimulation approaches provide flexibility but may
require technical experts to help develop and interpret them. Cell- based models are

simpler but generally provide aggregate estimates of outcome?’. However, they can be

useful in determining population impact of an intervention.

It isimportant that models are developed co-operatively with epidemiol ogists and
clinicians. In particular, the researchers must decide whether to include the prevalent
population and/or incident population, and how to determine the base scenario against

which to compare other scenarios?™’.
1.5.3 Data gathering and incorporating

Once the type of model is decided, the type of outcome parameters must then be
determined and estimates of event probabilities obtained or developed.

Deaths prevented can provide useful information but can be relatively limited since it
does not consider the length and the quality of that liféY’. In the evaluation of hedlth
care interventions a commonly used outcome is life-years-gained (LY G). In this process
the intervention that maximizes life expectancy will be identified. However LY G does
not take account of the quality of life. Quality adjusted life years (QALY) aretherefore
another useful measure of effectiveness and has the advantage of unifying mortality and
morbidity in one measuré’. Disability adjusted life years (DALY'S), an internationally
standardised form of QALY, have been used widely in the WHO Globa Burden of
Disease Project. DALY expresses years of life lost to premature death and years lived
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with disability of specified severity and duration. One DALY is thus one lost year of
healthy life®,

What type of data should be used in the models?

Modelsrequire considerable data input and data sources need to be recent and credible.

However, the availability of comprehensive high quality data remains a problem.

The data may come from a variety of sources including clinical trials, meta-analyses,
surveys, databases, medicd records, audits, Delphi panels (expert opinion) and officia
tariff lists for health care resource use.

Clinical trials produce the best evidence of efficacy of an intervention. However, since
their study groups are restricted with inclusion and exclusion criteria, generalisation is

aways an issue so that the outcomes may not reflect the usual practi ce?%22%2%

Meta-analyses may be a good source of efficacy data, if the outcomes are potentially
generalisable to the target population. However, they are often subject to certain biases
either from studies available (publication bias) or from the selection of studiesfor the
analysis (inclusion bias; if criteria are chosen to produce intended results). The method
of meta-analysisis aso important. If there is significant heterogeneity, the results

should usually not be combined®®.

Expert opinion can be a useful source when there is no published or religble
information on a particular area®®. General practitioners or specialists can provide
information based on their own experience on compliance or treatment uptake.
However, such opinions can be subjective, and will differ between experts. Therefore a

representative sample of the actual practicing physicians is generally desirable?®#®,

Surveys and observational studiescan provide vita prevalence data for the models.
However, their main objective may be different so that they can provide only limited
detail on certain variables. Cohort studies and repeated cross- sectiona studies can
provide valuable and relatively unbiased information on the natural history of a disease
and risk factors and lag times?2%2%,

Official statistics are often very useful sources for population and mortality
information. However, depending on the practice, they can be subject to reporting and
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coding inaccuracy. Furthermore, in some countries their precision and ease of access

can be questionable .

The data sources used in modelling should therefore be explained in adequate detail.
The sdlection criteria for studies and data sources should be described and the strengths,

weaknesses and possible sources of bias should be discussed®®°,

All models therefore need to be validated and subjected to sensitivity anaysis to
identify the impact of different parameters?’.

154 Sensitivity analysis

In modelling studies uncertainty in datais a particularly problematic area. Sensitivity
analyses should therefore be employed to quantify this uncertainty. There are different
types of sensitivity analyses. The most common form is simple sensitivity analysis,
where one or more parameters of an evaluation are varied across a plausible range?®™. If
only one parameter is changed at a time while the others retain their base case
specifications, it is called ‘one-way sensitivity analysis'. If more than one parameter is
changed at the same time then it is called * multiway- sensitivity analysis . Any
confidence intervals presented for the estimations can usualy be included into
sensitivity analyses. Multiway sensitivity analysis can take the form of scenarios,

which explore the implications of alternative ‘states of the conditions %%,

Threshold analysisis concerned with identifying the critical value of parameters above
or below which the conclusion of a study will change’2. It can produce a useful
graphical presentation, and is quite helpful when a parameter in the model is continuous

and indeterminate. This approach is most often used in cost effectiveness analyses.

The Analysis of Extremes Method involves incorporating the best and worst estimates
of inputs, and then generating extrame estimates for output. This kind of sensitivity
analysis can be very efficient in dealing with uncertainties in data input. However, this
method does not usually provide information about the likelihood of these ‘best’ or
‘worst’ scenarios. In most cases, the probability that all the worst cases or good cases

occur simultaneously is small?®%,
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Probabilistic sensitivity analysisis more complex than the analysis of extremes, but it
usefully allows the modeller to assign ranges, distributions and probabilities to

uncertain variables®.

1.6 Assessing model quality

When assessing the quality of a model, one should consider the system being modelled,
the elements included and excluded, the model structure, the risk factors and the
probable effects of known trends and the model assumptions-stated and unstated’. In
the ISPOR Task Force Report, Weinstein et a*'® recommended three dimensions:
Modd structure, data and validity:

1.6.1 Mode structure

The model should be structured to ensure its inputs and outputs are relevant to the
decision making process. The health states defined in the model should correspond to
the natural history of the disease. The structure of the model should be consistent with
the theory of the health condition and with the available evidence on causal
relationships between variables. The structure of the model should be as simple as
possible while capturing the underlying essentials of the disease process and
interventions. The description of the model should be sufficiently detailed so that the
model can be replicated mathematically. The assumptions and input parameters, and the
logic connecting them to outputs should all be stated clearly (Transparency).

The time horizon of the model should aso be long enough to reflect the impact of the

interventions?6,

1.6.2 Data

Systematic reviews of the literature should be conducted on key model variables. Where
the data are not available or not reliable, assumptions have to be made and they can be
tested with sensitivity analyses. All models should include extensive sensitivity analyses
for key parameters. Ranges should accompany the estimates from the model. Data
quality and availability should be evaluated and the inclusion or exclusion criteria
should be defined for data sources®.
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Data modelling refers to the mathematical steps that aretaken to transform empirica
observations into aform that is useful for decision modelling. This involves methods of
incorporating estimates of treatment effectiveness from randomised clinical trials,
combining disease specific and all-cause mortality raes or risk factor prevalence and

interventions. These should be defined in enough detail in the model.
1.6.3 Validation

In the ISPOR Task force report, the validation of models was grouped into three
categories:

Internal validation

Models should only be used after careful testing to ensure that the mathematical
calculations are accurate and consistent with the specifications of the model. This
process can be done by using null or extreme input values and checking whether they
produce the expected outputs™®. Checking the model formulas, inputs and outputs by a
second author may aso help. The results of the model should make sense in terms of

both the theoretical considerations, and also in intuitive terms (face validity) 2*°.

Models should be calibrated against the actual data when possible. However, calibration

is possible only if inputs and outputs are available over the time frame being modelled.
Between model validation

Models can also be validated against each other (convergent vaidity)*'°. Models
addressing the same problem would be expected to produce similar results with similar

assumptions and input parameters (corroboration).
External validation

Models should be based on best available evidence at the time that they were built.
Model outputs or estimates should be consistent with the observed data. Tests of
predictive validity -the ability of the model to make accurate predictions of future
events are valuable, but not essential. In some models splitting the data into two time-
periods can be useful to check the predictive validity of a model®, For example data
for years 1990- 1996 are used to generate a regression model, which is then applied to
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the 1997-1999 dataset, and used to predict outcome for 1997-1999 period. These
predictions are then compared against the observed outcomes for 1997-1999. This
method may provide information on moddl’s validity for different datasets and periods.
Models should never be considered as complete and unchangeable tools to predict
future. They should be updated according to new evidence and scientific knowledge?®.
A model should not necessarily be criticized for failing to predict the future. However, it
should be possible for a good model to be recalibrated or re specified to adapt to new

evidence as it becomes available?1®.
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EXISTING CHD HEALTH POLICY MODELS

The Global Burden of Disease model includes ten major risk factors for global disease
burden. They are malnutrition, poor water quality, unsafe sex, alcohol, occupation,
tobacco use, hypertension, physical inactivity, illicit use of drugs, and air
pollution246. CHD isincluded in the model, and is modelled as being caused by
tobacco use, hypertension and physical inactivity, and reduced by acohol at all levels
of consumption.

Models are being increasingly used in health policy decision-making. Interms of
CHD hedlth policy models awide variety exist. Some CHD models consider risk
factors alone®™, risk factors and cardiovascular treatments”, secondary prevention
such as cholesterol lowering treatment *® or estimates of general practice
workload?®. Their quality and utility may vary. In this section, | will describe a
systematic review in which | evaluated the strengths and limitations of existing CHD
policy models.

1.7 Methods
For this systematic review, we defined a CHD policy modd as atool that may help to

explain or predict the outcome of CHD interventions (specific treatment or
cardiovascular risk factor change, or the implementation of a new strategy) at the
population level.

Sear ch strategy

A search strategy was developed, piloted and run in MEDLINE and EMBASE
electronic databases supplemented by screening reference lists of relevant articles and
reviews. Electronic searching within the databases included ‘ coronary heart disease or
synonyms' and ‘model or synonyms' as key words. Both key words and MeSH
headings were used (Appendix 1). The search strategy was validated using ten key
papers aready known to the authors; all ten papers were captured by the search
strategy. The search identified 4,531 articles initialy, and a further 17 were identified
by checking the references. All the records were imported to ‘ Reference Manager’.
By checking the titles and abstracts for the terms ‘model’, ‘ coronary heart disease’ or
‘population’, the number d articles reduced to 275. Two independent reviewers (BU,
SC) checked the titles and abstracts of all papersinitially identified, and then screened
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the articles for inclusion and appraisal. The two reviewers independently classified

each article and agreement was good (Kappa = 0.76).
Inclusion and exclusion criteria

Any CHD modelling study was included if it reported on a key outcome (desths
prevented, life years gained, prevention cost, treatment cost, mortality, prevalence,
incidence or disability) in adefined population. Models simply describing animals,
cell lines, clinical series, cohorts or estimates of individual risk were excluded.
Figure 6.1lillustrates the flowchart for the search and review process. Excluded
articles are listed in Appendix 4. In total, 75 articles were critically appraised and 26

articles were excluded.

Figure 0.1 Flowchart of search strategy for CHD policy models

Results of searches:

4 531 hits
SCI’%’]iﬂg by 4—/I Formatted: Bullets and
. umberi
Title, Keywords, Humpering
Abstract and
Inclusion criteria
applied
101 articlesidentified

Data Extraction/

Study Selection
INCLUDED ARTICLES: 75 .
CHD Policy Mode!: 13 EXCLUDED ARTICLES: 26
Cardiovascular Life Expectancy Model: 9 Not modelling study: 8
Prevent model: 5 No CHD outcome reported:8
Impact: 5 Redlie [z 6
Globa Burden of Disease: 4 Other: 4

CHD policy analysis. 2
Other moddls. 37



Data extraction and assessment of model quality

A pre-piloted form was used for data extraction (Appendix 2). Articles were categorised
according to the specific models that they described. Each paper was then critically
appraised using explicit quality criteria. There are no universally accepted lists of
appropriate quality criteria for model papers. However reviews by Weinstein215, and
Edwards226, and recent guidelines International Society for Pharmacoeconomics and
Outcomes Research (ISPOR) 216 have suggested useful quality criteria. Using these
sources215;216;226, we created a grading system, based on sensitivity, validity and
transparency of the model (Appendix 4).

Scoring system

Papers were graded on the basis of whether a sensitivity analysis carried out, the
validity was checked, data quality presented, illustrative examples were provided,
assumptions stated, if model was potentially available to the reader and if potential
limitations such as assumptions, confounding, lag times and competing causes were
discussed. A simple scoring system was devel oped, with maximum of ten points
available. A point was awarded for each key feature listed above. Each paper was
scored and given an overal grading as methodologically ‘poor= overall score 0-3',
‘adequate=4-7 or ‘good=8-10' on an apriori bass.

1.8 Results

A total of 75 articles describing 42 different CHD policy models were finally included
from 4,531 initial papers (Figure 6.1). Due to space restriction, we presented here
summaries of the six principal CHD policy models used to address several health policy
questions, al based on large populations, and all with more than one publication (Table
6.1and 6.2). Critical appraisals of each paper are provided in Appendix 4.

Papers excluded from the review

Papers excluded and the reasons for exclusion are listed alphabetically in the Appendix
4, Table 8. The main reasons for exclusion were that the paper was not a modelling

study, it did not report on CDH outcomes, or it was only a review paper.

Model methodology and structure



Model methodology varied widely. 12 (29%) of the 42 models were microsimulation or
state transition Markov models, eight (19%) were cell based spread sheets, eight (19%)
were life table analyses, four (9%) used Monte Carlo simulation techniques, four (9%)
used logistic or linear risk functions, three (7%) used population attributable risk

fraction estimations and three (7%) used a variety of other methods such as decision

anaysis (Appendix 4).

Box 0.1 Summary of structures and methodology used in the six major models

The Coronary Heart Disease Policy (CHDP) Model was developed in 1980s as a
state-transition, cell based model222. It was used to examine trends in CHD
mortality233;237 and expected gains in life expectancy from risk factor
modifications238. This model was also used to evaluate the cost effectiveness of
medical interventions for primary and secondary prevention of CHD239-242 and

health promotion activities243,

The model was based on the 1980 US population and mortality statistics. It consists of

three sub-models:

- A demographical/ epidemiological model, which represents the diseasefree
population aged 35-84 years. Here the population is dratified by sex, age groups
and cardiovascular risk factors. This model includes risk factors as categorica
variables, therefore in total over 5,000 cdls are required. It then uses alogistic risk
function based on the Framingham equation to calculate the annual incidence rates

of CHD events for each cohort.

- A bridge model, which covers subjects for the first 30 days after they develop
coronary disease. Using a CHD incidence data from Minnesota, the modd initially
determines whether the first event is angina, myocardial infarction or cardiac
arrest222.

- A disease history model, which includes the survivors after the first 30 days, places
them in 12 CHD states by age and sex, and then follows them through treatment
pathways.

This model alows the user to simulate the effects of an intervention (either risk factor

modification, or therapeutic) by changing case fatality rates and observing the effect on
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mortality, morbidity and costs for up to 30years.

CHD Policy Analysis Model, is a microsimulation moddl being developed for the
Department of Hedlth by the London School of Hygiene and Tropica Medicine and
Universities of Southampton and Birmingham224;244. The primary prevention

component of the model aims to simulate the impact of different primary prevention

strategies on benefits and costs 244. The treatment component of the model evaluates

the impact of different treatments given to different groups of CHD patients,

commencing with stable angina224.

PREVENT isacdl based smulation model developed by Gunning-Schepersin the

1980s the Netherlands225. It can be used to estimate the health benefits of changesin

population risk factor prevalence comparing i) continuation of existing trends with ii)

alteration of the proportions of the population with given levels of risk factors. The

mode alows one risk factor to be associated with more than one disease and one

disease to be associated with more than one risk factor. Demographic evolution is also

taken into account in simulations225.

Cardiovascular Life Expectancy Model was developed by Grover et a (1992) in
Canada to examine the cost-effectiveness of different treatment options for CHD 234.
The model includes primary and secondary prevention parts. The primary CHD part
calculates the annua probability of dying from CHD or other causes and the annual
risk of CHD events (with or without intervention) for a person without symptomatic
CHD at entry to the model. The annual risk of developing specific CHD endpointsis
based on data from the Framingham Heart Study.

After developing CHD, a person then moves to the secondary CHD model. This part
calculates the risk of dying during the 12 months following a nonfatal myocardial
infarction. The risk estimations are based on the Framingham logistic equations for
primary events but after adjustment for the presence of CHD234.

The predicted annual cumulative mortality difference with and without the intervention

over the remaining total life expectancy represents the total years of life saved after

intervention.

The IMPACT CHD mortality model is a cedl-based model originally devel oped by
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Capewsell and colleagues in 19964. Using an MS EXCEL spreadshest, this model
combines data from many sources on patient numbers, treatment uptake, treatment
effectiveness and risk factor trends to estimate the deaths prevented or postponed
(DPPs) over a specified time period. It can therefore be used to estimate the
proportion of a mortality decline over a certain time span that might be attributed to

specific treatments or risk factor changes.

The Global Burden of Disease (GBD) model developed at WHO by Lopez and
Murray, is an example of models which use population attributable risk percentage
(PAR %) estimations. The model can calculate the attributable burden of disease for a
specific risk factor, population and time, which is defined as ‘the difference between
currently observed burden and the burden that would be observed if past levels of
exposure had been equa to a specific reference distribution of exposure’. The
reference distribution of exposure is defined as the risk factor exposure with lowest
relative risk245;246.

The GBD Model has five components: causes of death, descriptive epidemiology of
disabling sequel, burden attributed to selected risk factors, projections of burden for
the future and sensitivity analyses. Cause of death data are obtained from vital
registrations or other sources. Data on 107 disorders and selected disabling sequel were
investigated regarding average age of onset, duration, incidence and prevalence.
Burden of disease and injury attributable to ten mgjor risk factors were calculated. The
model uses attributable fractions, taken from reviews and meta-analyses, applied to the
population of aregion to calculate the burden of disease of these risk factors246.
Burden of disease is measured using disability adjusted life years (DALY s) calculated
as the sum of years lost and years lived with disability228.

Compr ehensiveness

Among the 42 models, 29 (69%) included only risk factors for primary prevention and 8
(19%) only considered treatments. Only 5 (12%) models included risk factors and
treatments together. The CHD Policy and the IMPACT model were the most
comprehensive since they both included awide range of risk factors, CHD categories
and effective treatments (Box2). The CHD Policy Anaysis Model represents a
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derivative of the CHD Policy Model 244. The CHD Policy Analysis Model eventually
aims to include many treatment categories but has not been completed (Box 2).

Box 0.2 CHD risk factors and treatment categories included in the six major
models.

The Coronary Heart Disease Policy Moddl includes major risk factors such as
smoking, total cholesterol, DBP and relative weight, which are necessary to estimate
CHD risk using Framingham Equations. The model considers disease categories such as
angina, AMI, sudden death, post M1, CABG, PTCA. Individual CHD treatments are
also considered such as statins, aspirin, and beta-blockers in different publications based
on this model.

The PREVENT Modd is a primary prevention model and therefore only considers risk
factors: smoking, cholesterol, hypertension, obesity, physical activity and alcohol use.

The Cardiovascular Life Expectancy Model estimates the annual risk of developing
specific CHD endpoints based on data published from the Framingham Heart Study. It
therefore includes risk factors of age, sex, diastolic blood pressure, total cholesterol,
HDL cholesteral level, left ventricular hypertrophy, glucose intolerance and smoking
status247.

The CHD Palicy Analysis Model resembles CHDP model by Weingtein et al. It has
primary prevention and CHD treatment parts. The primary prevention component
includes risk factors such as age, sex, systolic blood pressure, total cholesterol, and
smoking244. The disease events included are stable angina, unstable angina, myocardia
infarction, sudden cardiac death, stroke death, other cardiovascular desth, cancer death
and death from other known and unknown cause?44.

The IMPACT Mode considers comprehensive risk factors and CHD categories and
treatments. For primary prevention the model includes smoking, cholesterol, blood
pressure deprivation, obesity, diabetes and physical activity. It also includes primary
prevention with statin therapy.

The Disease categories (and treatments) (included: AM|: Cardiopulmonary
resuscitation, thrombolysis, aspirin, PTCA, Beta blockers, ACE inhibitors); Secondary
prevention following M1, CABG or PTCA): (Aspirin, Beta blockers, ACE inhibitors,
Statins, Warfarin, Rehabilitation); Chronic angina: (CABG surgery, Angioplasty,
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Agpirin, Statins); Unstable angina: (Aspirin, Aspirin & Heparin PG HB/HA
inhibitors); Heart failure: (ACE inhibitors special lactose, aspirin, statins);

Hypertension treatments: (All).

Model Population

Most (33, 79%) of the £ models included this review considered specific populations,
4 (10%) and 5 (11%) of them were based on patients and hypothetical cohorts
respectively.

Most of the models were restricted to young and middie-aged groups, generaly 15 to 64
years (Tablel-7in Appendix 4). However the CHD Policy Modd, IMPACT and CHD
Policy Analysis Model considered groups aged up to 84 years. None of the models
specifically considered non-Caucasian populations.

M odel outcomes

Most common outcomes reported in the models weae number of deaths prevented 25
(60%), 17 (41%) life years gained, 17 (41%) CHD incidence and 27 (64%) cost/cost
effectiveness. Fewer papers reported on CHD desths 10 (24%), CHD prevented 9
(21%), prevalence 6 (14%), QALY 6 (14%), DALY 4 (10%) admissions 3 (7%).

Model quality

Relatively few papers included in this review reported on model quality. Although
sensitivity analyses were reported in 20 (48%) of the models, the mgjority were one

way rather than multi-way sensitivity analyses.

Validity of the model was assessed in 10 (24%) of the models. In the CHD Health
Policy Maodel this was done by comparing the CHD deaths estimated by the model to
the actual CHD deaths observed in 1990 using US vita statistics233. In the IMPACT
Model, vaidity was likewise checked by comparing estimated fall in CHD deaths with
observed fall4;248. Six other models also compared model estimates with observed
figures125;223;249-252. In PREVENT, model validity was checked by comparing
model estimates with another estimation method253. In the Cardiovascular Life
Expectancy Model, predictive validity was checked by comparing the model estimates
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with events observed in primary and secondary prevention trials254;255. Only two
models (7%) reported on calibration of the model estimates against observed data. CHD
Health Policy model was calibrated using life years estimated from the model compared
with life expectancy from 1980 national statistics238 Kottke's model used actua
mortality rates from the North Karelia cohort for calibration256. Only two of the models
had been replicated in different populations (PREVENT 257;258 and IMPACT5).

On Table 6.2 quality evaluation of six magjor models were presented in detail. CHD
Policy Moddl and IMPACT Model appeared to be better in reporting the model quality
compared with the others.

Transparency and Limitations of the Models

Most models (36, 86%) explicitly stated their key assumptions. lllustrations or examples
for estimations were provided in 14 (33%). Working versions of the models were
potentially available in only (4, 10%). However, barely one fifth of the models reported
on limitations of the models such as competing causes 8 (19%), lag times 7 (17%) or
confounding 8 (19%).

The magjority of the model papers received intermediate scores of 4-7 points
(Appendix3).
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Table 1 Existing CHD Policy Models

Deleted: ,

Name of the Typeof |Model setting |Risk factors Disease groups |Outcomes Sensitivity |Validation Strengthsand
model model & Study included & treatments analysis limitations
population(s) included
CHD Poalicy State USA, Smoking, total  |Angina, AMI,  [Number of deathgIntheinitia [Model was First policy model
M odel transition |Men and cholesterol, DBP |suddendeath,  |prevented, LYG, |model none. (calibrated usindrather basic. Steadily
(Weinstein and Markov  [Women aged |andweightto |post MI, CABG, |CHD incidence |Subsequently|1986 mortality |refinedsincethen.
Goldman) Model B4 estimateCHD  |PTCA (number of papers data. Validity: |Many papersin high
risk using Individual CHD |arrests, angina, |reported one |model impact journals
Framingham treatmentswere [AMI), CHD way Estimateswere
Equations consideredin  |prevalence, CHD [sensitivity  [compared with
different studies [mortality, cost  |andysis 1990 observed-
suchasstatins, |Perlifeyear 92-98% fit
aspirin, beta- reported.
blockers etc
PREVENT Cell based |Netherlands;De|{Smoking, None Number of deathdOne way, Not checked [Mainly aprimary
(Gunning- nmark, Englandcholesterol, prevented, life |different prevention model.
Scheppers) Depending on hype_rtens on, years gained scenarios Devel opeq and adopted
the purpose obesity, physical in many different
aged <65 activity, alcohol populations.
CHD Life Lifetable [Canada, Smoking, total  |Did not consider [Yearsof life One-way Cdlibrated Thismodel uses
Expectancy  [@aysis, |Adult menand |cholesterol, DBP,|CHD disease  [saved, cost per hypothetical cohorts of
M odel Cost- women, age  [glucose categoriesbut  |lifeyear saved, participants. 1n most of
(Grover et al) effectivene |group not clear |intolerance, age [treatments can beyears of life the papers, time and the)
ssmodel consideredfor  |without CHD specific population are
primary symptoms not clear.
prevention
None ?
CHD Policy Micro Englandand |Smoking, Angina(stable- |Deaths prevented, No validation |Future model may
Analysis simulation |Wales, cholesteral, unstable), AMI, [morbidity reported include secondary
(Sander son systolic blood  |postMI, CABG, |prevented, CHD prevention treatments.
and Davies) Upto85years.|pressure PTCA & noncardiac NO sensitivity
Men and deaths, unstable analyses. del fi
women None- ? angina appears better for men |
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Name of the Typeof |Model setting |Risk factors Disease groups |Outcomes Sensitivity |Validation Strengthsand
model model & Study included & treatments analysis limitations
population(s) included
admissions, thanwomen.
investigations,
angiograms,
PTCA, CABG
IMPACT Spread-  |Scotland, Initially smoking,|This model is  |Deaths prevented|Multi way  |Estimatedfals [Considersall major
(Capewell, sheet England cholesterol, bloogcomprehensive  |or postponed, life|sensitivity  [in CHD effective treatments
Critchley and &Wales, New |pressure and considers  [years gained. analysis mortality were |availablefor CHD and
Unal) Zealand, and, |deprivation- then [Vine CHD using compared with |all mgjor risk factors.
Initially M-F  [obesity, aso categories and Analysisof |observed falls
aged 45-84,  |diabetesand over 20 specific extremes Data quality adequate,
IMPACT physical activity [CHD treatments used trial and meta-
Mode for analyses: National
England and population statistics ang
Walesincludes resultsfrom _
M-F25-84 representative studies
Global Burden |Population [World divided |Malnutrition, None Disability Multi-way  [None A comprehensive and
of Disease Attributabl |into eight poor water, adjusted life sensitivity globa model for WHO
e Parish  |geographic unsafe sex, years (DALYS) [andyss- strategies. Well
Murray & method regions alcohal . tobacco discounting docur_nented and _
L opez occupation, and age described. CHD is
M-Fallages |hypertension, weighting included, and modell ed
physical activity, as caused by tobacco
illicit drugs, and use, hypertension and
air pollution physical inactivity, and

reduced by alcohol.
Data quality: Extremely
variable depending on
the region

* Abbreviations. AMI- acute myocardial infarction, CABG- Coronary artery bypass graft, MI- Myocardial infarction, LYG- Life
years gained, PTCA- Percutaneous tranduminal coronary angioplasty
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Table 2 Quality assessment for major CHD policy models

Model Structure DataQuality Validation Total
Natural Sufficient Assumpti | Inputs| Outputs | Inclusion | Exclusi Data Sensitiviy | Internal | Exter [ Corrobo
history of | description ons criteria on sources analyses nal ration

disease criteria defined | carried out
CHD Policy 3 3 3 3 3 3 3 3 3 3 2 2 34
M odel
PREVENT 1 3 3 2 3 3 3 3 2 1 1 1 26
CHD Life 2 2 3 2 2 2 2 2 1 3 3 0 24
Expectancy
M odel
CHD Policy 3 3 2 3 3 2 2 3 0 2 2 0 25
Analysis
IMPACT 3 3 3 3 3 3 3 3 3 3 1 2 33
Global 2 3 3 3 3 3 3 3 2 3 0 0 28
Burden of
Disease

Appraisal criteria: The elements of the model assessment werelisted intable. A general opinion was developed after reviewing all the papers
published from that individual model. Each one of the criteriawas scored on a0 to 3 point scale. 0: not reported/ not done, 1: reported
superficially/done simply 2:reported with detail 3: discussed

32




1.9 Interpretation

Thisisthe first comprehensive systematic review of CHD policy models. Previous

%28 or particular application®. The

reviews were restricted to a particular type®
increasingly wide use of modelling has thus far resulted in few attamptsto evaluate
model quality. We therefore aimed to systematically assess the quality of the
modelling methodology rather than simply report on the reported results. A wide
variety of CHD policy models have been devel oped with over 70 publications now
available. CHD models have become more complex and comprehensive as a result of
improving computer technology and wider usage®. In general, the quality of the
models has aso improved over time so that more recent papers tend to explicitly

report on sensitivity analyses and assumptions and limitations.

Quiality assessment of publications, is well described especially for randomised
controlled studies®. However, there are no widely accepted quality criteria for
modelling papersin genera nor specificaly for CHD policy models. We therefore
developed simple evaluation criteria based on sensitivity analyses, validity, and these
comprehensive reporting of assumptions and limitations. These criteria explicitly
reflect the main quality components suggested in the recent | SPOR Guideline?*®.

Models can alow alarge amount of evidence to be considered simultaneously, by
combining and integrating into a coherent whole different types of data from
controlled trials, routine surveillance and expert consensus®. Models have been
extensively used in policy making and resource alocation, since they permit policy
makers to examine future options, or to simulate the effects of different scenarios
within a population®’. However, improved technology potentially allows both
practitioners and policy-makers to use these models without necessarily understanding
the inherent assumptions or data limitations 2

Models require considerable data input and data sources need to be appropriate and
credible. However, the availability of comprehensive high quality data remains a
problem. The data may come from a variety of sources including clinical trials, meta-
analyses, surveys, databases, medical records, audits, Delphi panels (expert opinion),
routine statistics and official tariff lists for health care resource use?®®. Every
modelling paper should therefore explicitly report and discuss data quality
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methodological limitations and assumptions to address these discrepancies. However,

few of the papers reviewed here critically evaluated their data quality.

Uncertainties about data are a perennia problem in modelling studies. Sensitivity
analyses should therefore be employed to quantify the degree of uncertainty. In
general, CHD models have only recently sarted to report sensitivity

233,255,263

analyses .The most common approach is where one or more parameters of an

evaluation are varied across a plausible range?®’. Confidence intervals can also be
easily included in sensitivity analyses. One-way sensitivity analysis(where only one
parameter is changed at a time while the others retain their base-case specifications) is
obviously less rigorous than multiway-sensitivity analysis (where more than one
parameter is changed at the same time). However, multiway sensitivity analyses

remain uncommon>424:264

Many of the papers reviewed here failed to provide sufficient detail to alow thorough
evauation. When assessing the quality of a model, one should ideally consider the
system being modelled, the elements included and excluded, the model structure, the
probable effects of existing trends in mortality and risk factors and the model
assumptions- both stated and unstated?'2!" . The description of the model should be
sufficiently detailed so that the model can be replicated mathematically.

In conclusion, CHD models offer a potentially valuable tool for policy development.
However, existing models vary widely in their depth, breadth and quality. Few
models have been calibrated, replicated or validated against a gold standard. Before
being accepted as a policy aid, any model should explicitly include a statement of its

aims, assumptions, strengths, outputs and limitations.



AN EVALUATION OF UK DATA SOURCESFOR CHD

1.10 Introduction

Chapter 4 described the massive burden of disease generated by CHD in the UK, and
also raised potential concerns about the quality of the data describing CHD. This
chapter will therefore focus on CHD data quality in the UK.

Policy decisions on health and health care require good evidence, particularly since
resources are limited®. Good evidence to describe the current situation means not just
information on the effectiveness of interventions, but also valid and reliable data on the

disease burden and the provision of health care.

Modelling studies can provide decision makers with good evidence based results and
they are based on data availability and quality®. In my thesis | will use IMPACT CHD
Mortality model to explore recent CHD mortality trends in England and Wales. |
therefore decided to evaluate the availability and quality of UK CHD data sources since
1981. | considered all ‘public health’ information sources for CHD, as defined in the
recent ‘ Department of Health CHD Information Strategy’?®. This included information
on patterns of mortality and morbidity (including hospital admissions and episodes) and

major cardiovascular risk factors by age, sex, and ethnicity.

1.11 Methods

UK data sources on CHD were initially identified and categorised according to the
IMPACT CHD mortality model, which aims to explore CHD mortality trends in
England and Wales during 1981-2000°*%,

To build the IMPACT Model, information was required on @) population based
mortality rates and patient numbers with different categories of CHD -acute myocardid
infarction, unstable and chronic angina, heart failure, hypertension, CABG surgery and
angioplasty; b) uptake of specific medical and surgical trestments; c) effectiveness of
specific cardiological treatments and risk factor reductions and d) population trends in
major cardiovascular risk factors (smoking, cholesterol, hypertension, obesity, diabetes,
physical activity and deprivation)2*.
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SEARCH STRATEGY
Potential data sources were identified and obtained by various methods including

comprehensive electronic searches using keywords and MeSH headings. Databases

searched included MEDLINE, EMBASE and DISSERTATION ABSTRACTS. This
search was further supplemented by cross-checking reference lists of the key articles
retrieved during the electronic search. | also examined conference proceedings, audit
reports, relevant official web sites and personal correspondence (Appendix 5).

The main data sources for population and patient data were the Office for National
Statistics (ONS) % and the British Heart Foundation’s Annual CHD Statistics’.
Information on treatment prescription and uptake were obtained from various national
and local clinical audit$®"?® and surveys®™>"2%2702™ Data on efficacy of interventions
and risk factor changes were reviewed from published randomised controlled trials,
meta-analyses and population studies.

The British Regional Heart Study®”, General Household Survey®”® and Health Survey

for England®® were the main data sources for risk factor data.

Each data source was evaluated in terms of the following criteria: coverage and
completeness (population of interest), coding accuracy (where these are reported in the
primary data source), validity (the degree to which a variable measures what it purports
to measureé’*- where this is reported in the primary data source) and generalisability
(critical appraisal of the studies for their methodology), ease of access (availability of
information either published or dectronicaly), and inclusion of information on age and

sex breskdowns, ethnic and socio-economic categories.

1.12 Results

Population and patient data sources

The main data sources for population and patient data are presented in Table 7.1.

Data from ONS official statistics®?%® were easily accessible both electronically and in
published form. However Officia statistics are not based on autopsies, therefore may
over estimate CHD deaths in the elderly. The British Heart Foundat ion provided another
useful source of annually updated CHD statistics for the UK 2. The source includes data
on CHD morbidity, mortality, prevalence, incidence and cost in the UK.
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Information on patient numbers undergoing CABG surgery has been available from the
United Kingdom Cardiac Surgical Register since 1977*%". The register was based on
voluntary and anonymous reporting of activity and hospital mortality for CABG,
vavular and congenita heart disease surgical procedures performed in NHS Hospitals.
Each unit was asked to return a standard questionnaire annually to the Society of
Cardiothoracic Surgeons'®’. These data were then analysed and published as annual
reports. However while reasonably complete, the Register lacks details on age, sex,

ethnicity, social status and long-term survival.

Angioplasty patient numbers have been available from the British Cardiovascular
Intervention Society’s Audit returns since 1989'® These referred to angioplasty activity
in al interventional centres in the UK, both NHS and private The datahad details ;
procedures and success, but lacked details on age, sex and other individua specific

information.

The number of acute myocardial infarction, anginaand heart failure admissionsto
hospitals was available from Hospital Episode Statistics (HES)'*. HES provided
information on in-patient care delivered by NHS hospitals in England since 1989. HES
collected almost 12 million records per year, and each record contained over 50 items of
information. Since these records related to named individuals, it was not possible to
access them directly. The database contained information on diagnoses, operations,
admission method, patients age, sex and ethnic group, length of stay, waiting time,
maternity care, psychiatric care, Healthcare Resource Groups (HRGs), NHS Trusts and
Health Authority areas'®®.

HES records described episodes of continuous in-patient care under the same
consultant'®®. In cases where responsibility for a patient’s care transferred to a
subsequent consultant, there would be two or more records for the same patient. In
1999- 2000, approximately 8% of admissions fell into this category™®. HES could not
provide details of the drugs used in hospitals, nor information concerni ng outpatients or
patients treated in accident and emergency departments and then discharged home
immediately. Another mgjor limitation of the database was being unable to distinguish

between first admissions and readmissions.

The number of angina patientsin the community could be estimated using prevalence

of ‘ever experienced angina, available from the Health Survey for England(HSE) ’ 98,

37



This was a series of annual surveys about the health of people in England carried out
since 1991. The HSE contained a ‘ core’, which was repeated each year, and each survey
year has one or more modules on subjects of specid interest. The HSE 1993, 1994 and
1998 had CVD modules and could therefore provide useful information on CHD,

stroke, hypertension and other cardiovascular risk factors.

In the HSE, angina prevalence was measured as ‘ self reported angina’. In addition to
this, the Rose questionnaire on angina and heart attack48 was used as an dternative
estimation method. Overall angina prevalence was lower with Rose Questionnaire
(2.6% in men and 3.1% in women) than that based on self-reported ‘ doctor-diagnosed’
angina (5.3% and 3.9%). This suggests a possible overestimation in angina prevaence
with self reported angina. However, Rose Questionnaire measures current angina rather
than ever- experienced angina and prevalence of self reported ‘ current angina’ was
closer to prevalence measured by Rose questionnaire (3.2% and 2.5% in men and
women)48. Angina patient numbers based on GP consultation rates could be expected
to be substantially smaller than these prevaence based estimations204.

The population surveyed in HSE has been the population living in private households.
Those living in ingtitutions have not been covered. They are likely to be older and, on
average, in poorer health than those in private households. Furthermore, a response rate
for the survey varied substantially by survey year but was generaly low. Interviews
were carried out on 69% of individuals targeted, 58% had their blood pressure measured
and only 47% gave a blood sample48.

The number of heart failure patients in the community was estimated using prevalence
of ‘treated heart failure’ from Key Health Statistics from General Practice, 1998201
This report gave the prevalence of various morbidities and treatment data derived from

general practitioner records and it provided data for age-sex groups.

Sincethis source was based on general practitioner consultations, it omitted those
symptomatic subjects who did not present to the NHS, but who were detected by
epidemiological surveys275;276. Furthermore, there is evidence of substantial
limitations in coding accuracy and appropriate treatment of the condition175. Therefore,
the actual number of heart failure patients in the community may be dightly higher than
the estimated numbers using prevalence data from Key Health Statistics from Genera
Practice 1>,
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Table 1 Population and patient data sources of information on CHD in the UK, 1981- 2000.

I nformation

Sour ce

Evaluation

Population statistics (1981-
2000) (number)

Deaths by age and sex
(1981-2000) (number)

Office for National Statistics™>

Available online from Office for Nationa Statistics® and
as published reports”

Easily accessible, accurate and up-to-date

Death certification complete standardised coding.
Only minority based on autopsy. May over estimate
CHD desathsin el derly.

CHD Mortality (rates)

Availableasmortality statisticsfrom Officefor National
Statistics *"*"® and from British Heart Foundation Annual
CHD Statisticsonline or published reports

Little information on ethnic minority or socio-
economic difference.

CABG surgery patients
(number)

CABG numbersfrom 1991-2000 available online on UK
Society for Cardiothoracic Surgeons of Great Britain and
Ireland’ sweb site ( http://www.scts.org/doc/2102)™". To
obtain figuresfor England and Wales CABG numbers for
Scotland and Ireland deducted from UK’ sfigures.

Appear accurate. Lack detail on age, sex, ethnic
group, social status and long-term survival.

Angioplasty patients
(number)

Angioplasty numbersfor 1991-2000 available online on
British Cardiovascul ar I ntervention Society’ sweb site
http://www.bcis.org.uk/audit/Bcis00.ppt .

Ageand sex split not provided.

Angina patients admitted to
hospital (number)

Number of angina patients admitted to hospital available
fromHospital Episode Statistics 1999-2000
(http://www.doh.gov.uk/hes/index.html )'°.

Episodesnot individuals. Coding accuracy improving.
Lack detail of subgroups. No data on therapy.

Angina patientsin the
community (number)

Prevalence of ‘ ever experienced angind isavailablefrom
Health Survey for England 1998, and British Regional
Heart Study?"°.

Only prevalence not incidence.

Heart failure patients
admitted to hospital
(number)

Number of angina patientswho admitted to hospital was
available from Hospital Episode Statistics 1999-2000
(http://www.doh.gov.uk/hes/index.html )'%

Asfor anginaadmissions.

Heart failure patientsin the
community (number)

Prevalence of treated heart failure patients in the community
available from Key Health Statistics from General Practice
1998 report®™®

GP consultations; therefore omits subjects not
presentingto NHS.
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Cardiological treatments

Data sources on cardiological treatments in primary and secondary level are presented
in Table 7.2.

The precise number of CHD patients who had cardio-pulmonary resuscitation (CPR) in
the community (before reaching hospital) was not known, neither was the number of
CHD patients who had CPR in hospital. These two figures could only be estimated from

various surveys®>"280281,

Information about hospital admissions in 2000 was available online from HES!%,

However, trend data, and details of hospital interventions were very limited.

Treatment uptake data were not available routinely, and came principally from
isolated surveys and registers. For treatment at the primary care level, limited
prescription and uptake data were available from the Prescribing Analysis and Cost
Tabulate (PACT)?2 and a few published local audits and studies'®®2%3-%%"_ Broadly
consistent uptake levels were reported for treatments in primary care settingsin two
different surveys®®*?, The EUROASPIRE Il Study provided treatment levels for the
secondary care of CHD from a small number of selected UK hospitals, but age and sex
breakdowns were not generally available®®®. Furthermore, generalisability of
EUROASPIRE Il results to whole UK practices is questionable.
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Table 0.2 Data sources on CHD treatmentsin primary care and secondary care in the UK, 1981-2000.

Information

Sour ce

Quality & Comments

Initial TreatmentsFor Acute
Myocardial I nfarction

Community CPR

Estimated using data from UK Heart Attack Study™’ and Scottish
Heartstart .

Number of myocardial infarction admissionsto hospita obtained
from HES.

Ad hoc surveys and ambulance dataonly.

Hospital CPR Number of hospital CPR patients estimated using 2000 HES data. | Isolated surveysonly.

Approximately 11 % of the patients admitted to hospital need CPR

(The United Kingdom Heart Attack Study Collaborative Group®*

and BRESUS Study*®)
Thrombolysis The United Kingdom Heart Attack Study Collaborative Group®”, | Isolated surveys, plus some dataon numbers
Aspirin Nottingham Heart Attack Register™** given thrombolysis. Routineinformation on
Beta-blocker hospital treatmentsfor acute myocardial
ACE inhibitor infarction not available.

Secondary Prevention Following Acute
Myocardial Infarction, CABG Surgery
or PTCA

Aspirin

Beta-blocker

ACE inhibitor

Statins

Warfarin

Rehabilitation including exercise

Limited data on secondary Ereventi on from Genera Practice
Research Database report*®® and EUROASPIRE |1 Study®*®

Isolated surveys®®® and afew ad-hoc auditsonly.

Unstable Angina in Hospital
admissions

No routine dataon therapy

Noroutinedata.

Aspirin for Community Angina Datamainly from a General Practice Research Database report™°® | Isolated surveysonly.
Heart failuretreatment in hospital - Isolated audits only.
Heart failuretreatment inthe K ey Hedlth Statistics From General Practice 1998™" | solated papers.

community

Treatment of individual patientsfor
hypertension

British Regional Heart Study * Caerphilly papers™ and the
Health Survey for England 1998

Information limited especialy in elderly.
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Cardiovascular risk factor data sources

Population based cardiovascular risk factor data sources and their evaluations are presented
in Table7.3.

The risk factors considered were blood pressure, smoking, total cholesterol levels, obesity,
physical activity, diabetes, and deprivation. Population based risk factor datawere
available mainly from the British Regional Heart Study?’#%%?*  the General Household
Survey®?, and the Health Survey for England*®. Information was very limited for the
1980s, but more extensive by the year 2000.

Blood pressure data were relatively limited until recently. The British Regional Heart
Study provided some blood pressure data in 1981, but only for men aged 40-59°"2. The
Dietary and Nutritional Survey of British Adults™ reported blood pressure data from 1990
onwards and provided sex and limited age breakdowns (up to 65). The Health Survey for
England has included blood pressure data since 19937,

Smoking prevalence was the exception among the cardiovascular risk factors with good
data on trends easily available from successive General Household Surveys®™27. Age, sex
and socio-economic status breakdowns were also available.

Data on cholesterol levels were very limited during the 1980s™. The Health Survey For
England included cholesterol levels from 1993. However, changing laboratory methods
used between surveys made the interpretation of these recent trends difficul t*.

Blood samples were analysed by different laboratories in different Health Surveys. The
Royal Victoria Infirmary laboratories in Newcastle upon Tyne analysed blood samplesin
1991 to 1993 and 1998 Health Surveys. However, the laboratories of the West Middlesex
University Hospital had undertaken analysis of blood samples collected in the 1994 to
1997 Health Surveys. Although they both used the same method (DAX Cholesterol
Oxidase) in 1994 and 1998, the equipment used was different. Some caution is therefore
necessary when interpreting these results®.

Data on obesity (defined as BM1>30kg/nf) were available from two Department of Health
surveys in early 1980's™, and also HSE?®. However, data on other anthropometric
measures such as waist-to-hip ratio, were not available in the early 1980's but only from

more recent population surveys®.
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Some indirect evidence of adeclinein physical activity (an increase in car journeys and
decrease in miles walked) was available from the Department of Transport’s Statistics for
Great Britair®. However, nocomprehensive popul ation-based measures were available
before the Allied Dunbar Survey in 1990°°. The British Regional Heart Study provided
physical activity data limited to men aged 40-59°*°%. However, definitions of physical
inactivity have varied in different surveys, so comparable trend information were not
available.

There were some studieson diabetes starting from the 1970s mainly focusing on treatment
efficacy (The United Kingdom Prospective Diabetes Study) 3" and mortality in diabetic
patients (British Diabetic Association Cohort Study)**. However, early information on
trends in diabetes prevalence was available only from one population survey in Poole
commencing in 1983%. The Health Survey for England provided self reported information
on diabetes prevalence since 1991°%. Trends in general practice consultations between
1994 and 1998 are also now available from the General Practice Research Database™.

Socio-economic infor mation was available on household income, adjusted for tax and
benefits, and housing tenure from various sources including Social Trends® and the
General Household Survey **%™®. However, because deprivation scores describe relative
deprivation on the basis of crosssectional data, trend data for deprivation scores have not
been generated. Data on socio-economic characteristics defined the occupation of the head
of household, equalised income and health authority area type was available from Health
Survey for England.

The Barker hypothesis states that low birth weight is associated with increased rates of
CHD in later lifé®’. To estimate the impact of birth weight trends, population birth weight
data is necessary. However birth weight data is routinely available only from 19505°%.

Data on earlier years is only available from small population registries. In Hertfordshire,
from 1911 to 1948 weight at birth and at age lyear were recorded routinely>".
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Table 0.3 Data sour ces on cardiovascular risk factorsin the UK, 1981-2000.

Cardiovascular | Source Evaluation

Risk factors

Information Initial Year (1981) Most Recent Year (2000)

Population The Dietary and Nutritional Health Survey for England 1998® | Blood pressure datavery limited until recent times. For early years

blood pressure

Survey of British Adults®®
and British Regional Heart
Study272

The Dietary and Nutritional Survey of British Adultsand British
Regional Heart Study (only for men) provided mean blood pressure
levels. Health Survey for England included these datasince 1993.

Smoking General Household Survey General Household Survey Good datafor trendsin smoking prevalence easily available from
prevalence 1980°"° 2000°%° General Household Surveysand British Household Panel Survey
categorised by ageand sex.
Cholesterol British Regional Heart Cholesterol levels measured in Limited data available for the early 1980s. Changing laboratory
Study?” Health Survey for England 1994 | methods used in the Health Survey for England (1994-1998) made
and 1998, MONICA Glasgow interpretation of recent trends difficult, even when supported by trends
and Belfast trends 1985-1995 from UK MONICA surveys.
availablefor comparison®®,
Obesity The Heights and Weightsof | Health Survey for England 98" Data on obesity (defined BMI >30) available from two DoH surveys

Adultsin Great Britain®’

in early 1980s. Data on other anthropometrical measuresi.e. waist to
hip ratio, were not availablein early 1980’ s but these data available
from some more recent population surveys (Health Survey for
England).

Physical activity

British Regional Heart
Study272

Allied Dunbar Survey 19907

No comprehensive popul ation-based measures were available before
Allied Dunbar Survey 1990. British Regional Heart Study datalimited
to men aged 40-59. Definitions of physical inactivity varied in
different surveys so comparabletrendinformation not available
directly. Some indirect evidence of adeclinein physical activity
availablefrom Department for Transport’ sTransport Statistics for

Great Britain report %%,

Diabetes Poole Diabetes Study ** Health Survey for England 98°°, | Dataon diabetes prevalenceiseither not available or not comparable
General Practice Research for early 1980s. Morerecent trend information isavailablefrom
Database™ Health Survey for England and General Practice Research Database™ .

Deprivation 1981 Censusdata 2001 Censusdataawaited Standardised trend data for deprivation score not available.

Information available on: household income, adjusted for tax and
benefits, housing tenure.




1.13 Interpretation

Information on CHD in the UK is frequently patchy, obsolete or ssimply not available.
Although routinely collected data provide large quantities of health information, often
covering the whole population over a long period of time, such sources have limitations and
are underused®®. The Office for National Statistics provides useful updated population and
mortality statistics. Furthermore, muchof the Office for National Statistics information is
available electronically, which makes it much more accessible for users. Likewise Hospital
Episode Statistics, which summarise admissions to the NHS hospitals, are also available
electronically; however they lack detail on interventions at the hospital level. TheBritish
Heart Foundation's HEARTSTATS website is also developing rapidly, and provides an
increasingly wide range of CHD statistics plus brief comments

(http://www.heartstats.or g/homepage.asp).

Public health information on CHD in the UK must be improved. At present, the NHS
annually spends over £2 billion on a range of evidence based initiatives for the treatment of
CHD. However, evauation of these initiatives using existing routine data is simply not
possible. Furthermore, monitoring this common and devastating disease is aimost confined to
analysis of mortality statistics. Over 35,000 CABG operations are performed each year,
however survival even two years later is not routinely available®'’. Thirty day case fatality
following admission for AMI or CABG surgery have been used as Department of Health
performance indicators™. However, variations in performance indicators between individual

hospitals are vulnerable to differences in coding practices and case-mix %,

Other Northern European countries have developed and implemented better CHD monitoring
systems. The Information and Statistics Division (1SD) in Scotland collects good data on all
patients treated for CHD and the procedures they receive. Scotland's routine NHS data is of
high quality and data linkage allows the investigation of the epidemiology and trestment of
heart disease across the population, with comprehensive analyses then being possible on
different forms of the disease, including myocardial infarction and heart failurg?3144192313:314,

CHD mortality rates in Finland were once the highest in the world®*°. A series of regional
risk factor surveys (FINRISK) have been carried out there every five years since the early
197059315316 These use a standardised methodology, include all the major CHD risk
factors, with high participation rates and a large sample size (approximately 14,000 for the
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2002 survey). Reliable estimates of trends and their contributions to CHD mortality declines
can therefore be made over a 30-year period. They also alow relatively quick identification of
adverse developments such as the increase in smoking among women observed in the 1980s
to early 19903

Monitoring of risk factors and of secular trends in risk factor epidemiology is also available in
Norway*'®. Cardiovascular risk factor studies have been conducted in different regions since
the late 1950s. Since the 1970s, the National Health Screening Service (SHUS) cardiovascular
disease screening and prevention programmes visit all municipalities, every three years and

achieve high response rates™®,

In the USA, the National Health and Nutrition Examination Survey (NHANES) has been
periodically conducted since the early 1960s to obtain nationally representative information
on health, nutritional status, risk factors and health behaviours in the population. NHANES 111
(1988-94) is the seventh of these®™® and data from NHANES 1999-2000 is currently available
from (webpage: http://www.cdc.gov/nchs/data/nhanes/frequency/fil elist%204-2003. pdf)

In England and Wales, the CHD NSF, NHS Plan and CHD Information Strategy all explicitly
recognise the huge importance of disease monitoring and service evaluation. All have made a
number of specific and sensible recommendations. However, at present over 99% of the £2
billion NHS CHD budget is spent on medical interventions, particularly revascularisation.
Less than 1% is currently spent on the monitoring of CHD%?®°. These are inadequate
resources for even basic information strategy or technology. Furthermore, although some
national datasets (such as the Health Survey for England) can support the Information
Strategy, such datasets are not ‘locally owned’ and lack the scale to analyse specific loca

population groups, such as ethnic minorities*.

In conclusion, future CHD disease monitoring and evaluation will require more
comprehensive and accurate population-based information on trends in patient numbers,
treatment uptake and risk factors. This will require adequate resources to improve existing
information systems. Regular and comprehensive surveys (including women and elderly

people), using standardised methodology will also be essential.

In terms of my thesis, these findings mean that all data, whether routine statistics or surveys
have to be treated with some caution. The need for a sensitivity analysiswill therefore be

explicitly discussed in the next chapter.
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Description of the IMPACT Mode

In Chapter 6, | discussed the concept of modelling and reviewed some of the CHD modelsin
usetoday. In this chapter, | will describe the IMPACT Model in detail and explain the
methodology.

In 1996, Capewell et al. developed and refined IMPACT CHD mortality model®. Using an
MS EXCEL spreadshest, this cell-based CHD model combines data from many sources on
patient numbers, treatment uptake, treatment effectiveness and risk factor trends to estimate
the deaths prevented or postponed (DPPs) over a specified time period. It can therefore be
used to estimate the proportion of a mortality decline over a certain time span that might be
attributed to various risk factor changes or to specific treatments. For example, in Scotland
CHD mortality declined by 29% between 1975 and 1994. Using the IMPACT modd!, it was
possible to attribute approximately 40% of the fall to medical therapies and one third to the

reduction in population levels of smoking”.

The IMPACT model was validated against the actual mortality fall observed in Scotland®, and
then replicated in New Zealand®. It was then used to estimate how many additional deaths
could potentialy have been prevented by simply increasing the uptake of appropriate
treatments by eligible patients®! in Scotland in 1994 (approximately 4,000). The model was
also used to estimate the additional deaths which might potentially be prevented in Scotland

by further reductions in risk factors such as smoking, cholesterol and blood pressure®?.

I'n collaboration with the National Public Health Institute (KTL) in Helsinki, Finland,
validation and development of the IMPACT model has recently been completed. This used
high quality linked data on deaths and hospital activity, plus MONICA data on risk factors'*.
The findings suggested that cholesterol reductions were much more important in explaining
trends in CHD mortality (1982-1997) in Finland compared with UK (personal communication
with Julia Critchley, 2003).

The original IMPACT model was thus restricted to the Scottish population of 5.1 million.
Furthermore it demonstrated a number of methodological limitations, including being

restricted to 1994, considering only three risk factors and omitting modern therapies such as
primary angioplasty for AMI, and PG I1b/I11b antagonists for unstable angina. The aim of my

PhD project was therefore to further develop the IMPACT Model methodology, update it and
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apply it to the much larger and more complex England and Wales population®®. | would then
be in a position to examine LY Gs, potential impact of improvements in uptake of treatments,
or reductions in mgjor risk factors, as well as mortality trends in England and Wales between
1981 and 2000.

1.14 Building an IMPACT Mode for England and Wales
Selection of an appropriate population and time frame

The England and Wales population was chosen to examine recent CHD mortality trends
because:

i) The Nationa Service Framework for Coronary Heart Disease, published in 2000
highlighted an obvious need for such work to support the NSF and to evaluate its

impact

i) No comprehensive analysis of UK trends in CHD mortality, risk factors and
treatments had been published

iii) Relatively extensive data were available for England and Wales describing the
population, mortality trends and, to a lesser extent, morbidity trends
Agerange

The model was initially built without an upper age limit. However, it became increasingly
clear that data were sparse over the age of 85 years. Furthermore, there was some evidence
that the accuracy of CHD on death certificates decreased in the elderly’®. It was therefore
decided to restrict the model to between ages 25 to 84 years.

The baseline (1981) and final years (2000) were chosen on the basis of several factors:

] The total duration needed to be at least 10 yearsin order to cover a reasonable
change in mortality rates.

i) There needed to be adequate data on risk factors and treatments for the base year
iii) The fina year needed to be as recent as possible to maximise its value to clinicians

and policy makers.

After some pilot work, a 20-year period between 1981 and 2000was chosen to model the

mortality trends in England and Wales.
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Refining and developing the IMPACT mortality model

The cell-based IMPACT mortality model was further developed and refined during my PhD
studies. | added new treatments and new risk factors to the model. | aso introduced new
methods to quantify the cumulative effects of multi therapy in secondary prevention groups.
The methodology sections will provide further detail around these issues. A list of these
changes is presented below, and the approaches developed to address these issues are

explained in the appropriate sections and boxes (flagged in italics).

Box 0.1 Principal changes and refinements madein English IMPACT Model

New treatments added to the IMPACT M odédl

- Primary angioplasty for AMI patients
- Platelet glycoprotein 11B/II1A inhibitors for unstable angina
- Spironolactone, aspirin and statins for angina and heart failure patients
- Statinsfor primary prevention (Box 8.9)
- New risk factors added to the IMPACT Model
- Obesity
- Diabetes
- Physical activity
- Deyprivation (Page 99-100, Box 8.11)
- Mant and Hicks correction was applied for secondary prevention therapies (Box 8.3)
- New possible overlaps between patient groups considered (Box 8.4)

- Impact of risk factor changesin CHD patients was estimated (Appendix 9)

The model was then revised to incorporate data for England and Wales. Data were identified
and incorporated for men and women aged 25 to 84 years in England and Wales detailing;

a) CHD patient numbers,

b) uptake of specific medical and surgical treatments,

¢) population trends in major cardiovascular risk factors (smoking, total cholesterol,
hypertension, obesity, diabetes, physical activity and socio-economic deprivation),

d) effectiveness of specific cardiological treatments, and

€) relationship between specific risk factor reductions and CHD mortality.

49



A flowchart is presented to describe the IMPACT Mortality Model and parameters included in Figure 8.1.

Figure 0.1 Flowchart of the IMPACT Mortality Model parameters

MODEL PARAMATERS

- Population eligible

- Change in risk factor levels
- Beta coefficient*

Cholesterol
Smok I ng

Blood Pressure

Obesity

| nactivity
Deprivation

Risk Factors

- Patients number eligible
- Acute treatments

- Angina - Treatment uptake
Acute CHD M yocardial _ Compliance
- Efficacy

Infarction CABG & PTCA

Chronic CHD Post M- CABG- PTCA Heart Failure I S

- Treatme nt uptake
Outcomes

- Compliance
- Efficacy

Deaths Prevented
or Postponed

Lifeyears
gained
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Thefall in coronary heart disease deaths

The number of CHD deaths expected in 2000 if the mortality rates in 1981 had persisted was
calculated by indirect age standardisation, using 1981 as a base year. The CHD deaths

actually observed in 2000 were then subtracted to give the fall in CHD deaths between 1981
and 2000 (Appendix 7).

Patient categoriesincluded in the IMPACT England and Wales model

ICD9 Codes 410-414 (prior to 2000) and 1CD10 codes 120-125 (since 2000) correspond to
Coronary Heart Disease. This definition consists of mainly myocardia infarction or angina.
The specific patient groups comprised acute myocardial infarction, post myocardial

infarction, unstable angina, chronic angina, CABG surgery, angioplasty, and heart failure.
Treatment categoriesincluded in theIMPACT England and Walesmodel

The model aimed to include all medical and surgical treatments given in 1981 and 2000 in
England and Wales. These interventions are listed in Box 8.9 and included al the
interventions considered in erlier versions of the IMPACT Model*® plus primary angioplasty
for myocardial infarction, statins for primary prevention, platelet 11B/I1IA inhibitors for
unstable angina, and spironolactone and beta-blockers for heart failure.

Mortality Reduction Estimation by treatments

The mortality reduction for each treatment was calculated using the relative mortality
reduction reported in published meta-analyses and trials listed in Box 8.2 applied to the case
fatality observed in unselected patient cohorts**3*4, Case fatality rates for patient groups are
presented in Appendix 8. Survival benefit over a one-year time interval was used for all

treatments, thus only DPPs for at least one year were counted in the calculations.
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The deaths prevented or postponed for at least a year were therefore calculated as:
Patient numbers eligible X treatment uptake X relative mortality reduction X oneyear case
fatality

An example of calculation method is presented below in Box 8.2:

Box 0.2 Example of DPP calculation: Men aged 55-64 given aspirin for acute myocardial
infarction

Inthe Antithrombotic Trialists Coll aboration meta analysis, aspirin reduced relative mortality
in men with AMI by 15%*®. In England and Wales in 2000, 10,699 men aged 55-64 were
eligible, and 95% were given aspirin®®®. One year case fatality in men aged 55-64 admitted
with an AMI was approximately 17% .

The DPPs for at least a year were therefore calculated as:

Patient numbers x treatment uptake x relative mortality reduction x oneyear case fatality =

10,699 x 95% x 15% X 17% = 259 DPPs.

Polypharmacy |ssues

Individual CHD patients may receive a number of different medications. However, RCT data
on efficacy of treatment combinations are sparse. Mant and Hicks® suggested a cumulative
relative benefit method to estimate the casefatality reduction achieved by polypharmacy.
The potential effect of multiple treatments in an individual patient were therefore examined
using the Mant and Hicks approach:

Relative Benefit = 1-[(1 -Treatment A) X (- Treatment B) X.... (1-Treatment n)*=.

An example of this approach and its use for IMPACT Modd is presented in Box 8.3 below:
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Box 0.3 Example of Mant and Hicks calculation for secondary prevention following

acute myocardial infarction.

If we take the example of secondary prevention following AMI; good meta-analysis
evidence suggests that, for each intervention, the relative reduction in case fatality is
approximately:
Aspirin 15%*®, betablockers 23%'®, ACE inhibitors 23%'%’, statins 29%>* and rehabilitation
27%%%,
The Mant and Hicks3?3 approach, recently used by Wald and Law®?, suggests that in
individual patients receiving all these interventions, casefatality reduction is very unlikely to
be simply additiveie not 117% (15% + 23%+ 23% + 29% + 27%). Indeed, 117% is clearly
absurd, implying immortality. Instead, having considered the 15% case fatality reduction
achieved by aspirin, the next medication, in this case a beta-blocker, can only reduce the
residual casefatality (1-15%). Likewise, the subsequent addition of an ACE inhibitor can
then only decrease the remaining case fatality, which will be 1 - [(1- 0.15) X (1-0.23)].
The Mant and Hicks approach therefore suggests that a cumulative relative benefit can be
estimated as follows:
Relative Benefit = 1 - [(1 -Treatment A) X (:-Treatment B) X (1 -Treatment C) X (1 -
Treatment D) X (1 -Treatment E)]
In considering appropriate treatments for AMI survivors, applying relative reductions for
aspirin, beta-blockers ACE inhibitors statins and rehabilitation then gives:
Relative Benefit = 1 - [(1 -aspirin) X (1 - beta-blockers) X (1 - ACE inhibitors) X (1- statins)
X (1- rehabilitation)]

=1-[(2 0.15) X (1-0.23) X (1-0.23) X (1- 0.29) X (2- 0.27)]

=1-[(0.85) X (0.77) X (0.77) X (0.71) X (0.73)]

=0.74 iea74% lower case fatality
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Potential overlaps between patient groups. avoiding double counting

There are potential overlaps between CHD patient groups (Figure 8.1). For example,
approximately half the patients having CABG surgery have aprevious AMI3®, 20-30% of
AMI survivors develop heart failure within 12 months'™ and over 50% of CHD patients have
a history of hypertension®* (Figure 8.1).

Figure 0.2 Potential overlaps between CHD patient groups

Therefore, to avoid double counting, potential overlaps between different groups of patients
were identified and appropriate adjustments were made by subtracting one group from
another. For instance, | subtracted the number of severe heart failure patients treated in
hospital from the total number of heart failure patients in the community (because community

heart failure patients could be admitted to hospital on one or more occasions).

A comprehensive list of overlap assumptions is presented in Box 8.4.
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Box 0.4 Assumptions and overlap adjustments used in IMPACT Model.

Treatment Assumptionsand Overlap Adjustments Justification
category

PTCA patients | - PTCA numbers multiplied by 0.8, assuming Martin (2002) >
progressing to that 20% of PTCA go to CABG

CABG surgery

Efficacy of - Assumed equivaent to CABG surgery for two | Sculpher (1994)*°
PTCA in vessel disease (maximum estimate), or equal to | Folland (1997%329
Angina medical therapy (minimum estimate) Y usuf (1994)>°

Anginainthe | From the total paient numbers with anginainthe | Capewell (2000)™*

community community, first deducted:

- Patients already treated for unstable anginain
hospital,

- 50% of those receiving CABG for angina,

- 50% of those receiving secondary prevention
post AMI/post CABG/Post Angioplasty,

Heart failurein | -  Assume 50% of heart failure is due to CHD Fox (2001)*™
the community | - Deduct patients treated for severe heart failure

in the hospital
Hypertension - Tota hypertensive patient numbers in Health Survey for
treatment: community cal culated, then deduct: England 1998
overlapswith - 50% of post AMI patients
other CHD - 50% of community angina patients
patient groups | . 509 of community heart failure patients
Fdl in - Estimate the number of DPPs by hypertension | Capewell (1999)"
population treatment Capewell (2000)°
blood pressure | - Then subtract this from the total DPPs

attributed to the fall in population blood

pressure
Post MI patients | -  Assume 50% overlap between post-MI and Capewell (2000)°

post-CABG patients

Patient compliance and adherence

Low compliance to prescribed medical interventions is a complex problem especialy for

patients with chronic diseases. In this model, compliance, the proportion of treated patients
actually taking therapeutically effective levels of medication, was assumed to be 100% in
hospital patients (because of their continuous supervision by hedlth care staff), 50% in
asymptomatic community patients (on the basis of available evidence®™) and 75% in
symptomatic community patients (as a value intermediate between 50% and 100%). Each

assumption was subsequently tested in a sensitivity analysis, as described later in this chapter.
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Deaths prevented or postponed by therapiesin 1981

A number of effective therapies were aready in limited usein 1981. These included CABG
surgery, cardiopulmonary resuscitation, beta blockers for acute myocardia infarction,
diuretics for acute left ventricular heart failure, and therapy for moderate and severe
hypertension (defined as a diastolic blood pressure >105mmHg). Precise patient data for
some of these interventions, including CABG, and eligible hypertensives, were available from
the data sources detailed below. Others, such as betablocker use for post M1 patients and
heart failure treatment in hospital and in the community were estimated after consultation
with cardiologists in practice in 1981. Again, each assumption was subsequently tested in a

sensitivity analysis.
Risk factorsincluded in the model

The review of CHD epidemiology in Chapter 2 identified and discussed the key risk factors
for CHD. Theorigina Scottish IMPACT only considered the major risk factors, smoking,
cholesterol and blood pressure. These were retained in the IMPACT Mode for England and
Wales, and attempts were made to incorporate additional risk factors such as diabetes,
obesity, physical activity and deprivation.

As | discussed in Chapter 2, diabetes is an independent risk factor for CHD?%* and it is
estimated that up to 80% of adult diabetic patients die of CVD, and 75% of these deaths are
caused by CHD*. For modelling purpose, diabetes trend data was available from various
studies and surveys in England and Wales, athough with some limitations

Obesity is also found to be a significant independent risk factor for CHD incidence®®! and

data on obesity trend was available from national surveys.

Physical inactivity is associated with at least a twofold increase in CHD risk®?. Although
adjusting for other cardiovascular risk factors weakens this association, the beneficial effect of
physical activity remains statistically significant®.

CHD showed a strong social class gradient. The death rate from CHD is approximately 3
times higher among unskilled manual men of working age than among professional ment.,

Data on deprivation and household income were available from routine statisticsin the
UK305;332.
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While inclusion of a number of other risk factors were considered desirable, pilot work
demonstrated the lack of reliable population-based data in 1981, or 2000 or both eg low birth
weight for foetal origins of disease. However, the mode still included al the main risk factors
which together have been generally considered shown to explain at least 75% of CHD risk®>,

Calculating the mortality benefits from changes in specific risk factors

For risk factor changes, the model employs regression (b) coefficients obtained from large
cohort studies and MONICA analyses. Each b coefficient quantifies the independent
relationship between population change in a specific CHD risk factor, (such as smoking,
cholesterol, or blood pressure) and the consequent change in population CHD mortality rate,
having adjusted for al other factors considered in that particular analysis. These coefficients

were reviewed and summarised in Box 8.12.

It has been shown in severa studies that the association between blood pressure and CHD is
continuous and that a threshold was difficult to detect 2#%’. Similar findings apply to serum
total cholesterol levels and CHD risk. A b coefficient is therefore very appropriate to
quantify the population mortality impact of change in each specific risk factor.

The population attributable risk fraction method offers an aternative approach when a) there
is athreshold or b) there are insufficient data to generate areliable b coefficient (for instance

diabetes, obesity, activity and deprivation).

The b coefficient approach is preferable for several reasons. Firstly, it is usually more stable
across populations, particularly when based on a metaanalysis. Secondly, it usually involves
amore reliable adjustment for other factors in a multi-variate analysis. Thirdly, PARs may
overestimate achievable impact from arisk factor change (they are often based on RRs
obtained from a dichotomised risk factor and population prevalence). Fourthly, the RR of a
risk factor is very sensitive to how many other risk factors were included or excluded in the
original statistical model®*. For instance, the PAR quoted for physical inactivity can range

from less than 10%>*up to 37%6°%,

The DPPs between 1981 and 2000 by the fall in each risk factor was then calculated as the
product of three variables:

CHD deathsin that group in 1981 base year X relative risk factor decline X b coefficient
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An example of this calculation is given below:

Box 0.5 Example of mortality fall estimation attributable to change in population risk
factor (smoking).

Mortality fall due to reduction in smoking prevalence in women aged 55-64:

In England and Wales smoking prevalence in women aged 55-64 fell from 39% to 23%
between 1981-2000, an absolute reduction of 16%, and a relative reduction of 41%,
(16/39).

Pooling of studies from Finland, Iceland and elsewher produced a b coefficient
value of 0.51. (That isto say for every percent fall in smoking prevalence, the population
CHD mortality would be expected to fall by 0.51%.)
The DPPs between 1981 and 2000 were then calculated as:
CHD deathsin that group in 1981 base year X risk factor decline X b coefficient:

Thus

e187; 192;337

5,555 X 41% X 0.51 = 1,162 DPPs.

This calculation was then repeated
a) for men and women in each age group, and

b) for each risk factor
€) using maximum and minimum val ues in each group, to generate a sensitivity analysis

Population Attributable Risk Fraction Method

A separate method was used for obesity, diabetes, physical activity and socio-economic
deprivation, because of the absence of suitable b coefficients*. Population attributable risk

fraction (PAR) was calculated using the conventional formula (Box 8.6).

These risk factors were dichotomised and prevalences were obtained from population studies
and surveys®®. Obesity was defined as BMI>30 kg/n?, diabetes was defined as clinically
diagnosed diabetes™®, physical inactivity as moderate activity less than 3 times a week™®.

The number of CHD deaths attributable to each specific risk factor was calculated for 1981
and for 2000. The difference between the two va ues then represented the DPPs due to the
change in that specific risk factor in the population.

An example of this calculation method is presented below in Box 8.6.
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Box 0.6 Example of CHD mortality change estimation due to change in diabetes
prevalence

Mortality change due to change in diabetes prevalence in men aged 7584

The number of CHD desaths attributable to diabetes in 1981 and in 2000 was calculated using
the PAR fraction. This required estimates of P, diabetes prevalence in both years*3%3% and
RR, the relative risk of diabetes for CHD mortality (obtained from the EPIC Study®®), and
the number of deaths from CHD in each year. The population attributable risk fraction was
then calculated as;

Prevalence x (Relative Risk -1)
PAR=

(Prevalence x (Relative Risk -1)) +1

In England and Wales, the diabetes prevalence in men aged 75-84 was 4% in 1981 and 7%
in 2000. Thus 12% of CHD desaths were attributable to diabetes in 1981 and 18% in 2000
respectively (Table below). The number of actua deaths attributed to diabetes was then
calculated: 2865 in 1981 and 3,916 in 2000. The difference between these (1,051)
represented the change in the number of deaths attributable to the change in diabetes
prevalence in the population between 1981 and 2000 (Table).

Table. CHD deaths due to diabetes in 1981 and 2000 in men aged 75-84

Diabetes Deathsattributable| Mortality
Prevalence CHD deaths PAR Fraction to Diabetes I ncrease
IAged (1981 2000 | RR 1981 2000 | 1981 | 2000 1981 2000
65-74| a b c d e f! g" f*d g‘e (f*d)—(g*e)
Best |0.04| 0.07 |4.00| 24205 |21772| 0.12 | 0.18 | 2865 3916 -1051

i f=(ax (c-D/((ax (c-1))+1)), ii g=(bx (cD1)/((bx (c-1))+1))
This calculation was then repeated
a) for men and women in each age group, b) for obesity, physical inactivity and deprivation and
€) using maximum and minimum values in each group, to generate a sensitivity anadysis
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Estimating deaths prevented or postponed by changes in deprivation using the PAR
approach

Since satisfactory independent beta coefficients did not exist for deprivation, a population
attributable risk (PAR) approach was used.

Deriving the age-specific PARs for deprivation

No recent England and Wales data were available on the socio-economic gradients in CHD
mortality. | therefore used the best available alternative, socid gradientsin AMI mortality rate
per 100,000 in the Scottish men categorised by quintiles of deprivation measured as Carstairs
deprivation score (Unpublished data from SLiDE Study)®** (Table 8.1).

Table 0.1 Social gradientsin AMI mortality rates (per 100,000) in the Scottish
population 1986-1995 (quintiles of deprivation in men)

AGE GROUPS
Deprivation Quintile  25-64 years 65-74 years >75 years

Most affluent (1) 1.63 16.08 27.92

2 1.99 17.99 30.18

3 2.13 18.49 29.63

4 2.50 19.17 16.54

Most deprived (5) 2.81 20.07 29.52
Rate Ratio 172 1.25 1.06

PAR 5v 1* 0.126 0.047 0.011

*Prevalence of people in the fifth quintile of deprivation category is 20%.

Rate ratios estimated for most deprived quintile were 1.72, 1.25 and 1.06 in men aged 25-64,
65-74 and >75 respectively. These RRs were consistent with the RRs reported in other
studies*®. The crude PAR values for AMI mortality in the most deprived quintile compared
with the most affluent were then calculated as: 0.126 for ages 25-64 years, 0.047 for 65-74
and 0.011 for men aged >75 years (Table 8.1).
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Changesin deprivation in England and Wales 1981-2000

After considering and testing various options, the most dependable measure of change in
deprivation was considered to be the data available on Final Household Income, adjusted for
tax and benefits, and adjusted for inflation between 1981 and 2000%%. Between 1981 and
2000, income in the most deprived quintile increased from £3,220 to £4,410, after adjusting
for tax, benefits, and inflation (Table 8.2).

Table 0.2 Changes in household income 1981-2000, adjusted for tax, benefits and
inflation

Household income (£)

1981 1999 Inflation 1999 Absolute change % change
Crude adjustment adjusted indexed to 1981

Quintiles a b C d=b/c e=d-a f=ela
Most affluent 12,260 35,440 2.0 17,720 5,460 0.45
2 7,670 20,380 2.0 10,190 2,520 0.33

3 5,790 15,840 2.0 7,920 2,130 0.37

4 4,130 11,470 2.0 5,735 1,605 0.39
Most deprived 3,220 8,820 2.0 4,410 1,190 0.37

It was then (generously) assumed that reduction in deprivation was equal to increase in
household income.

Estimating the number of CHD deaths prevented or postponed by improvement in deprivation

31,632 CHD degths occurred in men aged 65-74 in 1981 (Appendix 7). If the PAR is0.038,
then approximately 1,195 of these deaths could be attributable to being in the lowest
deprivation quintile (0.038 x 31,632), (Table 8.3).

Thus, approximately 442 deaths were prevented or postponed by a 37% improvement in
income/deprivation 1981-2000 (Table 8.3).
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Table 0.3 Deaths prevented or postponed by improvements in deprivation, using PAR

methodol ogy
CHD Attributabl CHD deaths Relative Mortality
deaths efraction attributableto reductionin  Reduction
1981 (PAR) deprivationin  deprivation  1981/2000
1981
a b (axb) c (axbxc)
Men, aged 6574 31,632 0.038 1,195 0.37 442

Model Validation: Comparison with observed mortality falls

The model estimate for the tota DPPs by al treatments plus al risk factor changes (or
increase in the case of obesity, diabetes and physical inactivity) was summed and then
compared with the observed falls in mortality for men and women in each specific age group.
On an a priori basis, any shortfall in the overall model estimate was then formally attributed
to other, unmeasured risk factors®>,

Sensitivity Analyses

Because of the uncertainties surrounding many of the values, a multiway sensitivity analysis
was performed using Brigg's analysis of extremes method®%3**, Minimum and maximum
mortality reductions were generated for therapeutic effectiveness, using 95% confidence
intervals for relative risk obtained from the most recent meta-analyses or large randomised
controlled trials and the minimum and maximum plausible values for the remaining key
parameters. Patient numbers, treatment uptake and adherence were based on the quality of the
available data: eligible patient numbers + 10%%%%, treatment uptake +50%, and compliance
+30%>. Corresponding sensitivity analyses were constructed for risk factors, the key
parameters being the b coefficient, relative risk, change in risk factor and CHD death nhumbers

in base year.

Illustrative examples of sensitivity analyses and calculations are shown in the Box 8.7:
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Box 0.7 Example of sensitivity analysis for benefits from treatmentsgiven to CHD
patients.

Sensitivity analysis for mortality reduction estimation for men aged 55-64 given
aspirin for acute myocardial infarction:

Inthe ATT meta analysis, aspirin reduced relative mortality in men with acute
myocardial infarction by 15%%. In England and Wales in 2000, 10,699 men aged 55-
64 were digible, and 95% were given aspirin®®. One year case fatality in men aged
55-64 admitted with an acute myocardial infarction was approximately 179,

The DPPs for at least a year were therefore calculated as:

Patient numbers x treatment uptake x relative mortality reduction x one-year case

fatality = 10,699 x 95% x 15% X 17% = 259 DPPs.

Patient |Treatment| Reative | Oneyear DPPs
numbers | Uptake | Mortality | casefatality
reduction
a b c d (ax b xcxd)
Best Estimate 10,699 0.95 15% 17% 259
Minimum estimate | 9,629 048 11% 14% 71
Maximum estimate] 11,769 0.99 19% 2% 487

This may be described as a “robust” approach for two reasons.

a) maximum and minimum values for each variable were deliberately forced to provide a
wider range rather than a narrower one, eg relative mortality reduction +20% rather than say,
+10%.

b) the resulting product, for instance the minimum estimate, was generated by assuming that

the lowest feasible values all occurred at the same time, amost unlikely situation.
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1.15 ldentification and assessment of relevant data for IMPACT M odédl

In Chapter 7, | presented and evaluated the CHD data sources in the UK. The review showed
that available information on CHD in the UK is frequently patchy, obsolete or not available.
Although the data are scarce with a good assessment of data quality and assumptions or
extrapolations they might still be used for modelling. In this section | would like to present
how | identified and assessed the data used for IMPACT Model.

To build the IMPACT Model awide range of data was needed from many different sources.
Information on population, demographic changes, mortality and myocardial infarction
incidence was principally obtained from routine health statistics from the Office for National
Statistics (ONS) and the British Heart Foundation’s Annual CHD Statistics”. The number of
patients admitted to hospital with myocardia infarction, angina and heart failure was obtained
from Hospital Episode Statistics (HES). Patients undergoing cardio-pulmonary resuscitation
(CPR) in the community or in hospital were enumerated from various surveys. Information on
patients undergoing CABG surgery and angioplasty came from the United Kingdom Cardiac
Surgical Register and the British Cardiovascular Intervention Society’s Audit returns
respectively*®"1%_ Surviving patients eligible for secondary prevention therapies after
myocardial infarction, CABG surgery or angioplasty were calculated using routine statistics

and revascul arisation registers (Box 8.8).

The number of patients in the community with treated or untreated hypertension or angina
was calculated using the 1998 Health Survey for England and the British Regional Heart

Study. The number of treated and untreated heart failure patients in the community was
obtained from General Practice returns and survey data (Box 8.8).
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Box 0.8 Population and patient data sources for England and Wales, 1981-2000.

Infor mation

Source

Population (1981-2000)
Deaths by age and sex (1981-2000)

CHD mortality rates

Office for National Statistics™>-°%""%" gnd British
Heart Foundation Annual CHD Statistics®

Acute myocardial infarction

patients

Hospital Episode Statistics(HES) ™"
British Heart Foundation Annual CHD Statistics.

CABG surgery patients

UK Society for Cardiothoracic Surgeons of Great
Britain and Ireland’ s web site
(http://www.scts.org/doc/2102)*". Figures for

England and Wales obtained by deducting numbers
for Scotland and Ireland from UK total.

Angioplasty patients

Patient numberseligible for

secondary prevention

British Cardiovascular Intervention Society’s web
site http://www.bcis.org.uk/audit/Bcis00.ppt.

AMI survivors from Hospital Episode Statistics
(HES)™® plus SLiDE*®. CABG and angioplasty
patients from websites above.

Angina patients admitted to
hospital categorised as a)
emergencies or b) elective

Hospital Episode Statistics 1999-2000
(http://www.doh.gov.uk/hes/index.html)*%.

Angina patients in the community

Prevalence of ‘ever experienced angina’ from
Health Survey for England 1998* and British
Regional Heart Study®”®.

Heart failure patientsadmitted to
hospital
Heart failure patientsin the

community

Hospital Episode Statistics 1999-2000
(http://www.doh.gov.uk/hes/index.html) 1%
Prevalence from Key Health Statistics from
General Practice 1998 report®and Stewart et al*®,
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Information on treatment prescription and uptake was obtained from various national and

local clinical audits and

surveys (Box 8.9).

Box 0.9 Medical and surgical treatmentsincluded in the model: data sour ces for
treatment uptake levels

Treatment Uptake|Sour ce (year)

TREATMENTS in 2000 (aver age)

ACUTE MYOCARDIAL INFARCTION

Cardio-pulmonary resuscitation

Community 46% Julian (2002)™, UKHAS-Norris, 1998™"

Hospital 99% Julian (2002)™, UKHAS Norris, 1998™7

88% Sayer (2000)**

65% (aged <65) |BRESUS- Tunstall-Pedoe (1992)°%

57% (aged>65)

Thrombolysis 54% UKHAS-Norris, 19987
55% Julian (2002)™°
50% French (1996)>*
85% Birkhead (1999)°**
Age gradient  [Barakat (1999)**
Aspirin 79% UKHAS-Norris, 1998’
70% Brown(1997) "
86% French (1996)**

Primary angioplasty <1% David Cunningham, Myocardial Infarction
National Audit Project (MINAP) (2002)-
personal communication

I ntravenous <5% Hardy (1999) 3%, Owen (1998)3%, Woods

beta-blockers (1989)*

6.6% Ferguson (1999) **
32%- 56% Brown(1997)
19% UKHAS-Norris (1998)™’

ACE INHIBITORS 19% UKHAS-Norris (1998)™’

6%-17% Brown(1997) 2"
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SECONDARY PREVENTION IN CHD PATIENTS

Aspirin 61%-70% Ryan (2001) **
81% EUROASPIRE Il (2001)*”
Beta-blockers 44% EUROASPIRE II (2001)%°
80% Myocardial Infarction National Audit Project
(MINAP) (2002)
ACE inhibitors 2% EUROASPIRE II (2001)%
25% Ryan (2001) *®
Statins 20% Reid (2002)*
36% Whincup (2002)*°
69% EUROASPIRE |1 (2001)*°

10%-60% Men |Ryan (2001)
%-35% Women

33% British Regional Heart Study (2001)™"
5506M, 40%F  |DeWilde (2002) >
50% Benner (2002)*>°
36% Jackevicius (2002) >
Warfarin 4% EUROASPIRE Il (2001)**
Rehabilitation 14%- 23% post  |Bethel (2001)™
AMI
33%- 56% post
CABG
34% EUROASPIRE II (2001)%°
CHRONIC ANGINA
CABG surgery 100% Society of Cardiothoracic Surgeons of Great
Britain and Ireland'®’, Martin (2002)%%"
Angioplasty 100% British Cardiac Intervention Society

(2002)'%  Martin (2002)%




Aspirin in community 50%

Ryan (2001)

10%
23%

Statins in community

Ryan (2001)
Whincup (2002)3%°

21%

BRHS (2001)**

35% and 25%

UNSTABLE ANGINA

Reid (2002)**

Aspirin & Heparin 60% PRAIS Study- Collinson (2000)**®
Aspirin alone 30% PRAIS Study- Collinson (2000)>°
Platelet glycoprotein 50% PRAIS Study- Collinson (2000)>°

I1B/I11A inhibitors

HEART FAILURE IN THE HOSPITAL
ACE inhibitors 58%

Cleland (2002)®’

Beta-blockers 28%

Cldland (2002)®

Spironolactone 10% Cleland (2002)>"
Aspirin 50% Cleland (2002)™>’
Statins 2% Cldand (2002)>

HEART FAILURE IN THECOMMUNITY

ACE inhibitors 68%

Ellis (2001)>°

17%
12%

Beta-blockers

Spironolactone

Cleland (2002)>"
Cleland (2002)®’

Aspirin 38%

Ellis (2001)%®

Statins 43%

Cleland (2002)>"

HYPERTENSION TREATMENT

59%

Health Survey for England 1998(2001)"*

STATINS FOR PRIMARY PREVENTION

3%

Packham (2000) *>*

68



Data on the efficacy of therapeutic interventions were obtained from published randomised

controlled trials, meta-analyses and cohort studies (Box 8.10).

Box 0.10 Clinical efficacy of interventions: relativerisk reductions obtained from meta

analyses, and randomised controlled trials*

TREATMENTS Relative Risk

Reduction

Source paper: First author (year)

ACUTE MYOCARDIAL INFARCTION

Cardio-pulmonary resuscitation (CPR)

Community CPR 10% Julian (2002)>°, BRESUS Study-Tunstall-
Pedoe(1992)**, Cobbe(1996)*®
Hospital CPR 30% aged <65 [Julian (2002)™, BRESUS Study- Tunstall-

15% aged >65

Pedoe(1992)%°

Thrombolysis 20%-30% |FTT, Colling(1996)*! , Estess(2002) **

Aspirin 15% Antithrombotic Trialists' Collaboration
(2002)'€°

Primary angioplasty 30% Cucherat (2000) **

Beta-blockers 4% Freemantle (1999)™*°

ACE inhibitors 7% Latini (1995)'®

SECONDARY PREVENTION IN CHD PATIENTS

Aspirin 15% Antithrombotic Trialists Collaboration (2002)™°
Beta-blockers 23% Freemantle (1999)™°

ACE inhibitors 23% Flather (2000) ™"

Statins 29% Pignone (2000)>*

Warfarin 15% Lau (1992)*°

Rehabilitation 27% Brown (2003)

CHRONIC ANGINA

CABG surgery 3% Y usuf (1994)°

Angioplasty 8% Yusuf (1994)3% Pocock (1995)**? Folland
(1997)*%

Aspirin 15% Antithrombotic Trialists Collaboration(2002) *®

Statins 29% Pignone (2000)>*
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UNSTABLE ANGINA

15%
27%

Aspirin alone
Aspirin & Heparin

Antithrombotic Trialists Collaboration (2002)™°
Oler (1996)%*

Platelet glycoprotein 9%

I1B/I11A inhibitors

HEART FAILURE IN HOSPITAL PATIENTS

Boersma(2002)°*

ACE inhibitors 26% Flather (2000) ™7

Beta-blockers 37% Shibata (2001)"""

Spironolactone 30% Pitt (1999)* "

Aspirin 15% Antithrombotic Trialists Collaboration (2002)™°
Statins 29% Pignone (2000)*

HEART FAILURE IN THE COMMUNITY

ACE inhibitors 26% Flather (2000) ¢
Beta-blockers 3% Shibata (2001)1"7
Spironolactone 41% Pitt (1999)""°
Aspirin 15% Antithrombotic Trialists Collaboration (2002)160
Statins 29% Pignone (2000)**
HYPERTENSION TREATMENT
11% Collins (1990)%°
STATINS FOR PRIMARY PREVENTION
29% Pignone (2000)>*

*Relative Risk calculated as t Odds Ratio
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Population risk factor trend datawere obtained mainly from The British Regional Heart
Study, the General Household Survey, and the Health Survey for England (Box 6.11).

Box 0.11 Data sources on cardiovascular risk factorsin the UK, 1981-2000.

Cardiovascular
Risk factors

Information

Source

Initial Year (1981)

Most Recent Year (2000)

Smoking prevalence

Cholesterol

Population blood

Genera Household Survey
1980°"

British Regional Heart
Study®?

The Dietary and Nutritional

General Household Survey 20007®

Health Survey for England 1994
and 1998*. Glasgow MONICA
and Belfast MONICA trends
1985-1995 aso available for
comparison™®

Health Survey for England 1998'%

pressure Survey of British Adults**® and
British Regional Heart
Study?®?
Obesity The Heights and Weights of Health Survey for England 1998°

Adults in Great Britain®’

Physical activity

British Regiona Heart
Study?”

Allied Dunbar Survey 19907,
Department of Transport’s
Transport Statistics for Great
Britain2%

Diabetes

Poole Diabetes Study>>

Health Survey for England 98%,
Genera Practice Research
Database™

Deprivation

Trends in Household
Income™?

Trends in Household Income™

In general data sources provided necessary information for modelling with some limitations.

These limitations were discussed in detail in Chapter 7.
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Data on the mortality reduction from specific population cardiovascular risk factor

changes: b coefficients

These were obtained from published randomised controlled trials, meta-analyses and cohort
studies. A range of different coefficients describing the relationship between each separate
risk factor and CHD mortality were presented below (Box 8.12 and Box 8.13). These
coefficients represent % change in CHD mortality by 1 % change in mean population risk
factors.

Box 0.12 Estimated b coefficients from multiple regression analyses quantifying the
relationship between changesin population mean risk factors and changesin CHD

mortality for men aged under 65.

b Coefficients
Study Smoking Cholesterol Blood Pressure
(diastolic)

Sigfusson 1991 0.51 2.22 1.06
Law e al. 1994~ - 1.9 -54*

Vartiainen et al. 1994*% 0.70 2.00 1.67
MONICA, 2000 0.73 1.31 0.53
CollingMacMahon, 1990°%3%® - - 2.08
Seven Countries®®"3% - 2.10 2.09
Our 'best' estimates 0.51 2.46 1.67
Minimum 0.40 1.31 0.53
Maximum 0.73 3.00 2.09

*adjusted for regression dilution bias

The MONICA study considered the impact of changesin risk factors on changesin CHD
mortdity at a population level. However, the MONICA coefficients have been criticised for
‘ecological bias and may underestimate the relationship between changes in risk factors and

population trends in CHD mortality. Thisis because:

1) those who do not respond to risk factor surveys may be at higher risk than attendees, and a

decreasing response rate to MONICA surveys was observed over the course of the
study'?>,
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2) the major outcome from the MONICA study was all coronary events, not just CHD
mortality, which may dlightly dilute the b coefficients obtained.
3) MONICA coefficients do not account for possible regression dilution bias; adjusted

coefficients may be as much as 60% higher™.
4) The principa MONICA estimates made no allowance for a possible lag time between

changes in the risk factor levels and changes in population CHD mortality®.

The MONICA coefficients for cholesterol and diastolic blood pressure are generally lower
than from other sources %% and have thus been used in our model as minimum estimates
using the data for males only. In many MONICA centres, the number of events among
females was too small to obtain reliable estimates, and the smoking coefficient appeared

particularly anomalous.

The coefficients derived from metaanalyses and the largest cohort studies were therefore

regarded in our model as the best estimates. The best estimates were taken from the Sigfusson

study in Iceland for smoking™’, from the Law meta-analysis for cholesterol*® and Finland for

blood pressure®2. Maximum estimates for cholesterol were taken from Law et al® for

smoking from MONICA'® and for blood pressure from the Seven Countries®"3%,

Minimum estimates for cholesterol and blood pressure came from MONICA Study*?. The
coefficients were reduced in older age groups to reflect good epidemiological evidence
suggesting that relative risk is attenuated by age®.

In the sengitivity analyses, the England and Wales IMPACT model proved to be stable with a

range of beta coefficients.
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There were no suitable Beta coefficients describing the individua relationships between

obesity, diabetes, physical inactivity, and deprivation with CHD mortdity. Relative Risks

were therefore taken from the largest and most recent studies available (Box 6.13).

Box 0.13 Relative risks for obesity, diabetes, physical inactivity and deprivation and
coronary heart disease mortality (Best, minimum and maximum estimates).

Relative Risk (95% Confidence Interval)

Obesity Diabetes Physical Deprivation
(BMI>29kg/im?) (clinically modaé(r:;(\elle;[c)t/' " (Carstairs score, most
darosd ™| e | Ceprved s qunile
data)339
Men Stevens (1998)™, RRs | Khaw (2001)>°, | Shaper (1991)>° | Smith (1998),
ranged from 1.57 to RR=4.24* (1.92 RR=0.50** Renfrew and
2.33" by age groups. 9.35) (0.2-0.8) Paisley Study340
RR=1.24(1.03-
1.49)+
Women | Stevens(1998)®° RRs | Female RRsx 1.5 | Lee (2001)*", | Smith (1998),
ranged from 1.00 to higher than male, | RR=0.55*** Renfrew and
2.24" by age groups. (Membersof the | (0.37-0.82) Paidey Study340
Willett (1995)>° British Diabetic RR=1.44 (1.15-
RR=3.56 (2.96-4.29) Association 1.80)+
Study)"°.

7 Adjusted for age, education, physical activity, acohol consumption.

* Adjusted for age, serum cholesterol, systolic blood pressure, smoking, BMI, MI or stroke

history.

** Adjusted for BMI, social class, smoking, total cholesterol, HDL cholesterol, FEV1,
breathlessness and heart rate.

*** Adjusted for age, treatment, smoking, alcohol, fat consumption, fibre, fruits and

vegetables, use of hormones, postmenopausa status, parental history of MI at an early age.

" Adjusted for age, blood pressure, cholesterol, BMI, FEV1 score, smoking, angina, ECG

ischeamia, bronchitis and social class.

In this chapter, | have described the IMPACT Model and methodology. Inthe next chapter, |
will describe how | then attempted to use the IMPACT Model to analyse the recent CHD
mortality trends in England and Wales.
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EXPLAINING THE DECLINE IN CHD MORTALITY IN ENGLAND AND
WALESBETWEEN 1981 AND 2000

Having described the IMPACT Model and methodology in the previous chapter, | will now
describe how | then examined the CHD mortality trends in England and Wales between 1981
and 2000.

1.16 Introduction

Since the 1970s, CHD mortality rates have halved in most industrialised countries but
somewhat less in the UK 2 Explanations for the mortality falls remain controversial . Many
authors credit the increasingly widespread use of effective therapies such as thrombolysis,
aspirin, ACE-inhibitors, statins and coronary artery bypass surgery®’".  Others highlight
reductions in major cardiovascular risk factors such as smoking, cholesterol and blood
pressure™™ ¥ While both components are probably important, answering this complex
question appears difficult.

Some researchers have therefore used models of varying degrees of sophistication to try and
explain the obsaved declines in CHD mortality’. The majority consistently suggest that risk
factor improvements explain more of the mortality decline than do treatments. For example,
it has been estimated that the proportion of mortality decline attributable to risk factor
reductions was 57% in the USA between 1980 and 19907, 60% in Auckland, New Zealand
between 1974 and 1981™* and 52% between 1982 and 1993°, and 60% in Scotland between
1975 and 1994". Since then, however, many effective therapies have been introduced™®,

A better understanding of the CHD mortality fall in Britain and other countries is clearly
essential, both to predict future trends and to clarify policy options for CHD prevention#3",
| have therefore examined how much of the fall in CHD mortality in England and Wales

between 1981 and 2000 can be attributed to ‘evidence based’” medical and surgical treatments,

and how much to changesin major cardiovascular risk factors.
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1.17 Methods

In the cell -based IMPACT mortality model, described in Chapter 8, | identified and
incorporated data for men and women aged 25 to 84 years in England and Wales detailing;

a) CHD patient numbers, b) uptake of specific medical and surgical treatments, c) population
trends in magjor cardiovascular risk factors (smoking, total cholesterol, hypertension, obesity,
diabetes, physical activity and socio-economic deprivation), d) effectiveness of specific
cardiological treatments, and e) effectiveness of specific risk factor reductions.

The methods used and identification and assessment of relevant data for English IMPACT

Model were presented in Chapters 7 and 8 therefore only results and discussion will be
presented here.

1.18 Results

In England and Wales between 1981 and 2000, CHD mortality rates fell by 62% in men and
45% in women aged 25-84. There were 68,230 fewer CHD deaths than expected from
baseline mortality rates in 1981 (Appendix 7).

Medical and surgical treatments (Table 9.1)

Medical and surgical treatments together prevented or postponed approximately 25,765 deaths
(minimum estimate 15,390, maximum estimate 45,265). This represented approximately 42%
of the total CHD mortality fall, after allowing for treatments given in 1981 (Figure 9.1).
Substantial contributions came from treatments in individuals for secondary prevention
(11.2%), heart failure (12.6%), acute myocardial infarction (7.7%), angina (7.0%), and
hypertension (3.1%).

Approximately 4,740 deaths were prevented or postponed by immediate trestments for acute
myocardial infarction; the biggest contributions came from cardiopulmonary resuscitation,

aspirin and thrombolysis. CABG surgery and PTCA were estimated to prevent or postpone
approximately 1,935 and 559 deaths respectively, accounting for 3.8% of the total (Table 9.1).

Adjustment for polypharmacy in individual patients

Applying the Mant and Hicks equation to the uptake of multiple medications in individua
patients would reduce the total DPPs (25,765) by approximately 2,118 (395 in acute
myocardial infarction, 800 in heart failure patients and 923 in secondary prevention)

(Appendix 9).
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Figure 0.1 Coronary heart disease deaths prevented or postponed by treatments and risk factor changesin the England and Wales population
between 1981 and 2000.
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Table 0.1 Deaths prevented or postponed (DPP) by medical and surgical treatmentsin England and Walesin 2000.

TREATMENTS Patients  Treatment Deaths prevented or postponed Proportion of overall DPPs (%)
digible uptake
(9%)* Best Minimum Maximum Best Minimum  Maximum
Edtimate estimate estimate Estimate estimate estimate
Acute myocar dial infarction 66,195 4,740 3,225 8,290 7.7 52 135
Community Resuscitation (3,045) 48% 800 740 960 13 12 16
Hospital Resuscitation (7,280) 9% 1,455 680 2,185 24 11 35
Thrombolysis 46% 1,320 600 1,995 21 10 32
Aspirin A% 1,950 1,130 2,780 32 18 45
Primary angioplasty 1% 40 15 205 0.1 00 0.3
Beta-blockers 2% 20 10 40 00 00 01
ACE inhibitors 19% 170 45 125 03 01 0.2
Secondary prevention 6,900 4,585 12,670 11.2 74 20.6
2 prevention post infarction 313,380 3,844 2,850 5,060 6.2 46 82
Aspirin 56% 1,240 640 1,990 20 10 32
Beta-blockers A% 970 570 1,635 16 09 2.7
ACE inhibitors 19% 440 335 1,440 0.7 05 23
Statins 25% 460 430 1,340 0.7 07 22
Warfarin 1% 100 60 235 0.2 01 04
Rehabilitation 23% 675 305 1,230 11 05 20
2' prevention post revascularisation 315,680 3,055 1,735 7,610 5.0 28 124
Chronic Angina 3,425 1,905 5,890 5.6 31 9.6
CABG surgery (1990-2000) 187,415 100% 1,935 1,125 2,375 30 18 38
Angioplasty (1990-2000) 112,405 100% 560 160 815 0.8 03 13
Aspirin in Community 1,763,635 55% 1,105 625 2,115 16 10 34
Unstable Angina 67,375 910 620 1,620 15 10 2.6
Aspirin & Heparin 5%% 465 335 720 0.8 05 12
Aspirin alone 30% 235 125 655 04 02 11
Platelet [1B/I11A Inhibitors 48% 210 160 245 0.3 03 04




TREATMENTS Patients  Treatment Deaths prevented or postponed Proportion of overall DPPs (%)
eligible uptake

Table 9.1 (Continued) (%)* Best Minjmum Ma>.<irrum Best Minjnum Ma>§i mum

Estimate estimate estimate Estimate estimate estimate
Heart failure- total 7,760 4,162 13,596 126 6.8 221
Heart failure- in hospital 34,690 4,755 2,295 7,680 7.6 37 125
ACE inhibitors 62% 1,850 635 2,625 30 10 43
Betablockers 31% 1,280 745 2,270 21 12 3.7
Spironolactone 10% 350 220 675 0.6 04 11
Aspirin 50% 870 405 1,535 14 0.7 25
Statins 21% 410 290 575 0.7 05 09
Community heart failure 242,090 3,210 1,940 6,320 5.0 31 10.3
ACE inhibitors** 56% 1,535 1,020 3,050 25 17 4.9
Betablockers** 15% 550 330 835 0.9 05 14
Spironolactone 10% 205 125 415 0.3 02 0.7
Aspirin 2% 585 350 1,480 10 06 24
Statins** 1% 335 110 490 05 02 038
Hypertension Treatment 13,352,870 53% 1,890 840 2,785 31 00 4.5
Statins for primary prevention 7,630,760 % 145 45 410 0.2 0.0 0.7
Total Treatment Effects- 2000 25,765 15,390 45,265 41.8 21.7 735

* Treatment uptake levels are weighted averages of age specific uptake levels ** Treatment efficacy for these groups was reduced by 25% assuming
that only about 50% wer e on the optimal treatment dose



Major cardiovascular risk factors (Table 9.2)

Changes in the major cardiovascular risk factors together produced a best estimate of 35,830
fewer deaths (minimum estimate 23,155, maximum 62,555) (Table 9.2). Thistherefore
accounted for some 58% of the total mortality fall between 1981 and 2000. The biggest
contribution came from the reduction in smoking (48.2%), along with decreases in serum total
cholesterol levels (9.4%), blood pressure (9.5%) and deprivation (3.5%) (Table9.2). These
mortality reductions reflected a substantial decline in smoking prevalence and smaller

reductions in mean blood pressure, total cholesterol and deprivation (Table 9.2).

Adverse trends were seen for obesity, physical activity, and diabetes. They, together caused
approximately 7,650 additional CHD deaths (Table 9.2). The prevalence of obesity increased

by 186%, resulting in an estimated additional 2,095 CHD deaths. Diabetes prevalence
increased by 66% with approximately 2,890 additional CHD deaths, and indirect evidence

suggested a 30% decrease in physical activity (with some 2,660 additional deaths (Table 9.2).
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Table 0.2 Deaths prevented or postponed as a result of population risk factor changesin England and Wales 1981 and 2000.

RISK FACTORS % Changein Deaths prevented or postponed Proportion of overall DPPs (%)
risk factor (number)
1981- 2000 Best Minimum Maximum Best Minimum Maximum
Egimate estimate estimate Estimate estimate estimate

Smoking -34.5% 29,715 20,035 44,675 48.2% 325% 65.5%
Population blood -1.7% 5,865 4,245 15,470 9.5% 55% 20.6%
pressure

Cholesterol -4.2% 5,770 3,930 12,100 9.4% 8.6% 27.0%
Deprivation -6.6% 2,125 1,065 3,190 3.5% 17% 5.2%
Physical activity - 30.6% -2,660 -1,490 -3,460 -4.3% -24% -56%
Obesity +186.2% -2,095 -1,340 -2,585 -3.4% -2.2% -4.2%
Diabetes +65.6% -2,890 -2,565 -4,685 -4.7% -4.2% -76%

Total risk factor effects = 35,830 23,155 62,555 58.2% 37.6% 76.2%




Table 0.3 Percent contribution of men and women to total DPPs by age groupsin
England and Wales (1981-2000).

Total 2534 35-44 4554 55-64 6574 7584

Men 70% 89% 87% 85% 7% 64% 65%
Women 30% 11% 13% 15% 23% 36% 35%

Men /Women Ratio 2.34 7.95 6.48 5.52 3.29 1.81 1.84

Total DPPs 61,595 185 1510 6,625 13,750 21,065 18,460

In year 2000 most of the DPPs due to cardiac treatments and risk factors changes in England
and Wales came from men (70% in men and 30% in women). In younger age groups 85% to
90% of the DPPs were from men. After the age of 65, the ratio of DPPs in men compared
with women decreased below 2 (Table 9.3).

Table 0.4 Percent contribution of treatments and risk factor changesto total DPPsin
men and women by age groups in England and Wales (1981-2000).

Men 25-34 3H5-44  45-A4 5564 6574 7584

Treatments 37% 19% 28% 33% 37% 42% 34%

Risk factors 63% 81% 2% 67% 63% 58% 66%

Total DPPs 43,155 165 1,310 5,610 10545 13,555 11,970

Women  25-34 3H5-44  45-A4 5564 6574 7584

Treatments 54% 69% 51% 50% 50% 48% 63%
Risk factors ~ 46% 31% 49% 50% 50% 52% 37%

Total DPPs 18,445 20 200 1,015 3,205 7,510 6,490

In general, risk factor changes prevented or postponed more deaths in men compared with
treatment effects (63% versus 37%). In women, the treatment effect was relatively greater,
similar to risk factor changesin all age groups (Table 9.4).
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Sensitivity Analyses, Validation and Model Fit

Figure 9.2 demonstrates the results of the sensitivity analysis. The proportional contributions
of specific treatments and risk factor changes to the overall fall in CHD mortality in England
and Wales between 1981 and 2000 remained relatively consistent (Figure 9.2). Thus, ll
secondary prevention treatments together accounted for approximately 11% of the total
mortality fall of 68,230. The minimum contribution was 7% and the maximum 21%. This
contribution therefore remained consistently larger than that for acute myocardial infarction or

hypertension (Figure 9.2).

The agreement between the estimated and obser ved mortality falls for men and women in
each age group was generally good (Table 9.5). Overal, the model accounted for 90% of the
total mortality fall in England and Wales between 1981 and 2000, (96% in men and 79% in
women). In general, the modd estimates were close to the actua falsin menin al age
groups. However, in women model fit less good , 79% overall and only 56% in women aged
75-84 years. As planned, theremaining 10% was attributed to other, unmeasured factors such

as dietary changes and life-course effects.
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Table 0.5 Modd validation: estimated versus observed changes in CHD deaths in England and Wales 1981- 2000.

Age Group (years)
MEN 2534 3544 4554 5564 6574  75-84 Total
Estimated fall in CHD desths 166 1308 5609 10545 13556 11,969 43,153
Obsarved fall in CHD desths 168 1,314 5571 10,685 15342 11,740 44,822
Discrepancy 3 -6 37 -140 -1,786 229 -1,669
Model Fit:
Estimated fall / Observed fall 98% 100% 101% 99% 88% 102% 96%
in CHD deaths
WOMEN 2534 3544 4554 5564 6574 7584 Total
Estimated fall in CHD deaths 21 202 1015 3204 7510 6,492 18,444
Observed fall in CHD desths 28 155 098 3,054 7479 11,695 23,409
Discrepancy 7 47 17 150 31 -5,203 - 4965
Model Fit:
Estimated fall / Observed fall 76% 130% 102%  105%  100% 56% 79%

in CHD deaths




Figure 0.2 Proportional contributions of specific treatments and risk factor changesto the CHD mortality reduction in England and
Wales, 1981-2000: Results of a sensitivity analysis.
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1.19 Interpretation

CHD mortality in England and Wales fell by more than half between 1981 and 2000.
Approximately 40% of this fall was attributable to the combined effects of modern
cardiological treatments and almost 60% to reduction in major risk factors, particularly
smoking. Thisis consistent with the majority of other studies in the USA®®, Europe®™,
Scotland®, and New Zealand®. Although Hunink et al attributed 71% of the recent US
decline to 'treatments,, this exception was more apparent than real, and principaly reflected
adifferent categorisation of risk factor fallsin individual patients with recognized CHD.

In the entire US population, 50% of the CHD mortality decline was actually explained by
risk factor reductions™. Furthermore, Hunink et a did not report on specific medical
therapies®™,

Modern cardiological treatments together prevented or postponed approximately 26,000
deaths in 2000. Irrespective of whether best, minimum or maximum estimates were used,
the most substantial contributions came from secondary prevention and heart failure
treatments. Revascularisation from CABG surgery and angioplasty together accounted for
only 4% of the total mortality fall, much as in the USA®™. Thisis a disappointingly small
contribution, particularly when considering the large financial and political resources being
consumed 2%

Thrombolysis likewise only accounted for one quarter of the deaths prevented by initial
treatments for acute myocardial infarction. This was much less than aspirin and
cardiopulmonary resuscitation, as in other studies>®. Furthermore, treating angina patients
with aspirin in the community prevented dmost twice as many deaths as treating unstable
angina patients in hospitals, principally reflecting the larger numbers involved (Table 9.1).

Treatment uptake levels were often poor (Table 9.1). This was more apparent for heart
failure treatments in the community. Even though there were approximately ten times more
eligible patients for heart failure treatments in the community, low treatment levels and sub
optimal doses269 resulted in fewer deaths prevented or postponed compared with hospital
heart failure treatments (Table 9.1). Earlier work suggested that if even 80% of eligible
patients had received appropriate therapy, approximately 30,000 additional deaths might
have been prevented or postponed each year in the UK®, equivalent to 100,000 fewer
deaths in the USA.
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Reductions in the major risk factors between 1981 and 2000 accounted for approximately
36,000 fewer deaths in England and Wales in 2000. The biggest single contribution
reflected a large fall in smoking prevalence, from 39% to 28% overall. In sensitivity
analyses, the maximum estimate for smoking decline impact remained consistently greater
than al treatment effects combined (Figure 9.2). Almost 10% of the mortality fal came
from arelatively small reduction (4.2%) in population total cholesterol level. This
emphasises the large b coefficient of 1.9 —5.4%%, and highlights the potential gains from
bigger reductions in population cholesterol. Other unquantified factors such as life-course
effects, alcohol and other dietary improvements® accounted for approximately 10% of

observed mortality reduction.

The adverse trends in obesity, diabetes and physical inactivity together contributed
approximately 8,000 additional desths in 2000. These cancelled out two decades of

improvement in the fall of cholesterol levels. Furthermore continuing deteriorations are
expected148;374;376.

Modelling studies have potentia strengths and limitations. These paints will be discussed
in detail in the discussion section of thisthesis.

In conclusion, over half the recent CHD mortality fall in England and Wales was attributed

to reductions in major risk factors, and some forty percent to medical therapies.

In this chapter | focused on CHD mortality trends in England and Wales. In the next
chapter, | will consider what these DPPs might mean in terms of the years of additiond life

gained.
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LIFE-YEARS GAINED FROM cardiological TREATMENTSand
POPULATION RISK FACTOR CHANGES IN ENGLAND AND WALES,
BETWEEN 1981 AND 2000

In the last chapter, | focused on CHD mortality trends in England and Wales between 1981
and 2000. | will now attempt to estimate the years of additional life gained in 2000.

1.20 Introduction

Life expectancy at birth in England and Wales increased by 4.4 years in men and 3.2 yearsin
women between 1981 and 2000*’. Much of this has been attributed to reductions in CHD
mortality rates, which have halved in two decades. Much of the CHD mortality decline is
attributed to the widespread use of effective therapies such as thrombolysis, aspirin, ACE-
inhibitors, statins and CABG>'? . However, reductions in major risk factors such as smoking,
cholesterol and blood pressure™® have also made substantial contributions’”.

As| presented in earlier chapters, the majority of studies consistently suggest that
improvements in treatment explain less than half of the mortality decling®®194233:248
However, most such analyses have simply concentrated on mortality rather than againin
longevity. Therefore in this chapter | estimated the life-years gained (LY G) dueto
cardiological treatments and to changes in cardiovascular risk factor levels that occurred

between 1981 and 2000 in England and Wales.

1.21 Methods

Estimating the number of deaths prevented or postponed in England and Wales in 2000
The number of DPPs in 2000 that could be attributed to improved cardiac treatment uptake
and risk factor changes since 1981 was estimated using the IMPACT CHD mortality

model 2, The number of CHD DPPs by each treatment group and risk factor changes was
estimated as described in methods section in Chapter 8.
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Median Survival Data
Medical and surgical treatments

For each treatment category, median survival was obtained from the best available
population-based datal****, Most came from a retrospective cohort study of unselected
patients. This is the only UK dataset routinely linking all hospital admission records and all
mortality data for an entire population of 5.1 million since 1981'*% Age specific median
survival values came principally from alarge, unselected cohort of 117,718 patients admitted
to hospital with afirst acute myocardial infarction (AMI1)* and all 66,547 patients with a first
admission for heart failure™. The first study also provides long-term survival datain al AMI
survivors, including those developing heart failure*®. Case fatality in subsequent admissions
was approximately twice that in first admissions . Median survival estimates for patients
with hypertension were based on the mortality (between 7% and 29% dependent on age and
sex) observed in the Glasgow Blood Pressure Clinic Cohort®”8, Estimates of survival
following CABG surgery were obtained from local sources®™, and a recent cohort study in
Scotland®*°. Angioplasty for angina was assumed to have no additional survival benefit™.
Appendix 10 and 11 detail the estimates of median survival for each category and their

Sources.
Deaths prevented or postponed by risk factor declines

Coronary atheroma generally begins early in life, symptomatic manifestations occur late and
even then may go unrecognised. The deaths prevented by arisk factor reduction such as
smoking cessation may therefore benefit an individual prior to or following the onset of
symptomatic disease. Age-specific median survival in a patient with recognised CHD was
assumed to be very similar to that in age-matched myocardia infarction survivors. Median
survival in asymptomatic individuals was ssimply based on age specific life expectancy for the
general population®’. For the subjects with symptomatic but unrecognised CHD, median
survival was assumed to lie midway between the values for myocardial infarction survivorsi3

and the genera population.
Calculation of life-years gained

The number of LYG in 2000 in each ten-year age group, for men and women in each

treatment category and for each risk factor change, was then estimated as the product of the
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number of DPPs in England and Wales in 2000, and the estimated median surviva for that
group.

An example of calculation method is presented below:

Men aged 65-74 given Beta-blockers for secondary prevention of myocardial infarction:

In ameta analysis it was estimated that Beta-blockers reduced mortality in men with post
myocardial infarction by 23%%. In England and Wales in 2000, 18,180 men aged 65-74
were dligible, 33% were given Beta-blockers?® and compliance to treatment was assumed to
be 65% **. One year case fatality in men aged 65-74 with post myocardial infarction was
approximately 7% The DPPs for at least a year were therefore calculated as:

Patient numbers x treatment uptake x compliance x relative mortality reduction x one-year
case fatality = 18,180 x 33% x 65% x 23% x 7% = 63 DPPs.

Median survival was estimated to be 5.5 years in this group'®. The number of LY Gs was then
estimated as. Deaths prevented or postponed x Median survival = 63 x 5.5 = 345 LYGs.

Estimates of LY Gs were adjusted to take into account the influence of ‘competing causes of
mortality”®38L. This inflation was small, generally amounting to less than one extra year of
life.

Sensitivity analyses

A sensitivity analysis was performed using the analysis of extremes method®>™. This
addressed the uncertainties surrounding the key variables (patient numbers, treatment uptake
and efficacy, the overlap between different treatment categories and median survival).
Minimum and maximum estimates of LY Gs were generated using 95% confidence intervals
where available, otherwise the minimum and maximum plausible values for each variable®!
were used(Appendix 10 and 11).
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1.22 Reaults

In 2000, there were 68,230 fewer CHD deaths than expected from applying mortality ratesin
1981, the baseline year. The age-specific model estimates for DPPs by al interventions were
compared with the observed falls in mortality in each age and sex category. The model
explained 61,595 fewer deaths, representing 90% of the observed CHD mortality fall
(Chapter 9, Table 9.5). These 61,595 fewer deaths resulted in a gain of approximately
925,415 life-years among people aged 25-84 (minimum estimate 745,195, maximum estimate
1,138,655) (Table 10.1 and Table 10.2).

Life-years gained by medical and surgical treatments

Specific medical and surgical treatments for patients with CHD prevented or postponed
approximately 25,745 deaths in England and Wales in year 200022, They therefore gained
approximately 194,145 life-years (minimum 142,505, maximum 259,225) in total (Table
10.1). Thelargest contributions came from secondary prevention for patients following
myocardial infarction or revascularisation (32%), heart failure treatments (13%) and
hypertension treatments (9%). Coronary artery bypass surgery and angioplasty proc edures
together accounted for 17% of the LY Gs by treatments (Table 10.1).
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Table 0.1 Number of lifeyears gained by medical and surgical treatments of coronary

heart disease in England and Wales in 2000.

INTERVENTION Patients Number Life-Years Gained* %
eligible of DPPs* B
(Minimum to Maximum)
Acute myocardial infarction 66,195 5,750 38,330 (20,795 t0 57,880)  19.7%
Secondary prevention
Post myocardial infarction 313,380 3,580 24,520 (11,900 to 37,140)  12.6%
Post CABG or PTCA 315,680 3,055 37,660 (35,360 t0 39,960)  19.4%
Angina
CABG 187,415 1,935 25,805 (22,550 t0 31,695)  13.3%
PTCA 112,405 560 7,905 (5,405 to 10,410) 4.1%
Unstable angina 72,600 910 5,530 (4,700 to 9,400) 2.8%
Aspirin in community 2,114665 1,105 9,690 (4,845 to 14,535) 5.0%
Heart failure
Hospital treatment 41,385 4,755 6,120 (4,895 to 7,340) 3.2%
Community treatment 242,090 3,210 19,240 (7,605 to 21,140) 9.9%
Hypertension treatments 12,592,120 1,890 17,775 (15,290 to 25,485) 9.2%
Statins for primary prevention 7,630,760 145 1,570 (1,370 t0 2,285) 0.8%

Total treatment effects in 2000

25,765 194,145 (142,505t0 259,225) 100%

Life-years gained by risk factor changesin the population

In England and Wales, approximately 35,830 deaths were prevented or postponed by risk

factor changes in the population between 1981 and 2000. This accounted for some 731,270
LY Gs (minimum estimate 602,695, maximum estimate 879,430), and represented 79% of al

LY Gswe estimated in 2000. The largest contribution came from reductions in smoking

(54%), blood pressure (28%) and cholesterol (22%) (Table 10.2).

Adverse trends between 1981 and 2000 were seen for obesity, physical inactivity, and
diabetes. They together caused approximately 7,650 additional CHD deaths. Thisresulted in
a loss of approximately —92,640 life-years (minimum -68,355, maximum -100,770),

effectively halving the gain from population cholesterol reductions (Table 10.2).
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Table 0.2 Number of life-years gained by changes in population cardiovascular risk
factors in England and Wales between 1981 and 2000.

POPULATION % Changein Number of Life-Years Gained* %
RISK FACTORS risk factor DPPs* Best estimate
1981-2000 (Minimum to Maximum)

Smoking -34.0% 29,715 398,080 (304,020 to 446,260) 54.%%
Blood pressure -71.5% 5,870 207,525 (197,870 to 288,445) 28.%4%
Cholesterol -5.6% 7,900 164,305 (128,310 to 188,145) 22.3%
Deprivation -6.6% 2,125 53,995 (40,845 to 57,350) 7.4%
Obesity +186.2% -2,095 -10,690 (-8,565 to -13,470) -1.5%
Physical activity - 30.6% -2,660 -37,055 (-27,24510 -39,450)  -5.1%
Diabetes +65.6% -2,890 -44,895 (-32,5451t0-47,850)  -6.1%

Total risk factor effectsin 2000 35,830 731,270 (602,695 to 879,430) 100.0%

Figure 0.1 Comparison of deaths prevented or postponed and life-years gained from risk
factor changes and treatments given to CHD patients.
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Although the numbers of DPPs from risk fector changes and treatments given to CHD
patients were close to each other, number of LY Gs was substantially higher from risk factor

changes than treatments (Figure 10.1).

Age and sex distribution of life-years gained (Figure 10.2)

The majority of life-years were gained by individuals aged 55 to 74 years. More life-years
were gained by men than women in all age groups; 68% (132,505 / 194,145) of the LY Gs by
medical and surgical treatments, and 69% (510,915 / 731,270) of the LY Gs by risk factor
reductions (Figure 10.2).

Sensitivity analyses (Figure 10.3)

The relative contributions from treatments and risk factor reductions remained relatively
constant, irrespective of whether best, maximum or minimum estimates were considered
(Figure 10.3).
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Figure 0.2 Number of life-years gained from coronary heart disease treatments and population risk factor changes, in England and
Wales between 1981 and 2000 by age and sex.
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Figure 0.3 Proportional contributions of specific treatments and risk factor changesto the total lifeyears gained from the CHD
mortality decline in England and Wales, 1981- 2000: Results of a sensitivity analysis.
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1.23 Interpretation

CHD mortality rates in England and Wales halved between 1981 and 2000. This resulted in
some 70,000 fewer deaths and almost one million additional years of life. A death prevented
or postponed in a patient with recognised CHD therefore gained an additional 7.5 years of
life on average. Gains were greater in men, younger patients, or those surviving
uncomplicated infarction, rather lessin older patients or those with heart failure. In contragt,
each death prevented or postponed by a risk factor reduction gained an additional 20 years of
life on average, substantially more in younger individuals, rather lessin older. These

findings are generally consistent wih previous studies®?,

Medical and surgical treatments in 2000 together gained approximately 195,000 life-years, a
third from secondary prevention. Much of the remainder came from just three categories —
hypertension, angina and heart failure. The LY Gs from ACE inhibitors, beta-blockers and
spironolactone were particularly impressive given the relatively low prescribing rates in
2000 and the high case fatality in heart failure patients®. This further emphasises that
simple inexpensive treatments applied to al eligible patients can potentialy produce huge
gains'®® Conversely, the substantial resources devoted to revascularisation in 2000
undoubtedly improved qudity of life, however gains in life-years were relatively modest
(Table 10.1).

Risk factor reductions accounted for a 79% of total LY Gs. Gains would have been even
greater if there had not been adverse trends in physica activity, obesity and diabetes. These

represent a major public health target for the new millennium®™

. Substantial gains came
from the reduction in smoking. This highlights the rapid and substantial benefits from
smoking cessation® and preventing people to start smoking. The UK abolition of tobacco
advertising (February 2003) will be valuable383. However, additional measures will remain
essential 384, particularly for disadvantaged groups. Modest changes in blood pressure and
cholesterol aso accounted substantial LY Gs. Generally risk factor changes accounted higher

LY Gs since these were generated in young and middle aged population.

Thisis the first comprehensive analysis of LY Gs from risk factor reductions and
cardiological treatments published for England and Wales. However, our mortality analyses
are reassuringly consistent with most other studies in Europe®™*, New Zealand® and the
USAlgS.
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Bunker et al. examined the 7.1 years increase in life expectancy seen in the USA between
1950 and 1989°%°, Changes in coronary and cerebrovascular disease death rates accounted
for 10%-20% of thisincrease®. Thisis consistent with our estimates for Scotland (1975-
1981)%® and for England and Wales.

Againinthe USA, Tsevat et d attributed 1.0 to 1.2 years increase in population life
expectancy by lowering blood pressure in men, (and 0.3 to 0.6 years in women), and 0.5 to
1.2 years by quitting smoking in 35-year old men (0.4 to 0.8 in women)**®. Using similar
assumptions, Grover et a estimated that reductions in CHD and stroke risk through blood
pressure reduction would result in 0.9 to 1.2 years increase in life years in men and 0.6 to 1.3
years in women aged 40°%%

There are important implications for clinical and public health practice. In particular, the
current UK government emphasis on treatments rather than risk factor reductions must be

serioudly questioned.

In conclusion, modern cardiological treatments in England and Wales in 2000 gained many
thousands of life-years. However, four times as many life-years were generated by
relatively modest reductions in major risk factors, principally smoking, cholesterol and
blood pressure. Effective policies to promote healthy diets and physical activity, and reduce
obesity, might therefore gain substantial numbers of additiona life-years in England and
Wales.

Having presented the impact of CHD treatment uptake and population risk factor changes in
England and Wales, in the following two chapters, | will focus on the ‘what if? questions.
What if treatments, or risk factor levels had been different?
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IMPACT OF INCREASED TREATMENT UPTAKE ON CHD
MORTALITY IN ENGLAND AND WALESIN 2000

In this chapter, | will explore the first “What if?" question:

‘“What would have been the mortality impact of increasing the uptake of cardiological
treatmentsin England and Wales, in 20007’

1.24 Introduction

In Chapter 9, | demonstrated that approximately 40% of the recent fall in CHD mortality
rates can be attributed to the increasingly widespread use of effective therapies?*37,
Furthermore, cardiology epitomises the evidence based medicine paradigm. A wealth of
evidence from randomised trials and metaanalyses underpins an expanding range of

treat ments including thrombolysis, aspirin, beta blockers, statins, ACE-inhibitors, coronary
bypass surgery and angioplasty*’*

However, benefit can only occur if the eligible patients actually receive the appropriate

72 Recent clinical audits and surveys suggest that treatment uptake rates remain

therapies®
disappointingly low for many groups of patients. For instance, following myocardial
infarction, only about 25%, 44% and 56% of eligible patients receive statins, beta-blockers
or aspirin respectively 2939387 | the community, approximately 60% of angina patients
are taking aspirir’™®, yet barely 50% of heart failure patients receive ACE inhibitor s™”.

Uptake rates are consistently worse in women, the elderly and the deprived®®,

Scope remains for substantial increases in treatment uptake; these would potentialy result in
large reductions in both morbidity and mortality. Recent NHS strategies including the
National Service Framework for Coronary Heart Disease”® are now beginning to address
this issue. However, simultaneously tackling all these patient groups would require
substantial additional resources!#2%4,

| therefore examined the scale of the CHD mortality reduction potentialy achievable from
the increased uptake of specific medical and surgica treatments in England and Wales in
2000, in order to help identifying target groups for prioritisation.
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1.25 Methods

The IMPACT mortality model was used to examine the consequences of increasing uptake
of specific treatments in each category of patients. The IMPACT Modé and the methods
used to estimate DPPs were described in detail in Chapter 8.

All existing values contained within the model for the year 2000 were left unchanged
(numbers of eligible patients, treatment compliance and effectiveness)®. The best available
data on uptake of specific treatments in each category of patients, as detailed above, were
used to calculate the basdline.

The potential mortality benefit if uptake was increased to reach 80% of all eligible patients,
(the National Service Framework target)**® was then cal culated, assuming optimal dosing
regimens. An uptake of 100% was considered unrealistic’?’. The corresponding calculation
was performed for revascularisation, assuming that CABG surgery and PTCA proceduresin
2000 were increased by 80%.

Sensitivity analyses

Mortality effects were analysed by age and sex. The key parameters were all subject to
imprecision and uncertainty. Multi-way sensitivity analyses were therefore performed using
the analysis of extremes method®.. Minimum and maximum mortality reductions were
generated using 95% confidence intervals from meta-analyses for treatment efficacy, and
minimum and maximum plausible values for patient numbers, treatment uptake and
adherence®’. Information sources for number of patients, treatment uptake, treatment
efficaciesin IMPACT Model were presented in Chapter 8.
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1.26 Reaults

In 2000, specific medical and surgica treatments in England and Wales were estimated to
prevent or postpone approximately 26,000 deaths for at least one year (minimum estimate

17,110, maximum estimate 49,040) (Table 9.1). Some 19% of this fall was attributed to
initial treatments for acute myocardial infarction, 26% for secondary prevention treatments,
31% for treatments for heart failure, and 7% for anti-hypertensive therapies (Table 9.1).
However, uptakes were generally poor. Uptake in MI survivors averaged 56% for aspirin,
34% for beta-blockers, and 25% for statins; and for heart failure patients in the community
this averaged 56% for ACE inhibitors, 17% for statins and 15% for beta-blockers (Table
9.1).

Mortality benefit of increasing treatment uptake to 80%

Increasing uptake to 80% of eligible patients would have prevented or postponed
approximately 20,910 additional deaths at least one year (minimum estimate 11,030;
maximum estimate 33,495). Of the 20,910 fewer deaths, 7,285 (35%) would have resulted
from increasing heart failure treatments for community and hospital patients, and 4,680
(23%) fewer deaths from increases in secondary prevention therapies following AMI or
revascularisation, (Table 11.1).

Extending primary prevention statin therapy to 80% of the 7.6 million healthy individuals
with total cholesterol levels above 6.2 mmol/l would have prevented approximately 3,295
deaths, representing 16% of the total gain, compared with 2,370 (11%) fewer deaths from
initia treatments for acute MI; 2,680 (10%) from treatments for hypertension and 1,475

(7%) from increases in a&pirin and statins for patients with anginain the community.

Only 400 (2%) additional deaths would have been prevented by an 80% increase in
revascularisation procedures in 2000, and just 305 (1%) fewer deaths from increases in
therapies for unstable angina (Table 11.1 and Figure 11.1).
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Table 0.1 Coronary heart disease mortality reduction in England & Walesin 2000: Effect of increasing treatment uptake to 80%

Acute Myocardial Infarction 66,195
Community Resuscitation 3,045 0.48
Hospital Resuscitation 7,280 0.99
Thrombolysis ** 0.47
Aspirin 0.94
Primary angioplasty*** 0.01
Beta-blockers 0.04
ACE inhibitors 0.19

2° prevention post infarction 313,380
Aspirin 0.56
Beta-blockers 0.34
ACE inhibitors 0.19
Statins 0.25
Warfarin®*** 0.04
Rehabilitation 0.23

2° prevention post revascularisation 157,840
Aspirin 0.56
Beta-blockers 0.35
ACE inhibitors 0.22
Statins 0.34
Warfarin®*** 0.04
Rehabilitation 0.35

011
021
021
0.15
0.28
0.04
0.07

0.15
0.23
0.23
0.29
0.15
0.27

0.15
0.23
0.23
0.29
0.15
0.27

4,740
800
1,455
1,320
1,950
40
20
170

3,845
1,240
970
440
460
100
675

3,055
820
570
350
675

54
585

2,370  (11%) 1329

380
50

1,330
195
410

3,695  (18%) 24l 4865
65
720
915
645
250
1055

985 (5%) %61 1638

100
150
270
205
115
150

*RRR= relative risk reduction **60% Maximum uptake assumed ***40% M aximum uptake assumed if 60% for thrombolysis

**%% 20% maximum uptake assumed for warfarin if 80% on aspirin
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Anginarevascularisation

CABG surgery 187,415 1.00
Angioplasty* 112,405 1.00
Unstable Angina 67,375
Aspirin & Heparin 0.59
Aspirin alone 0.30
[1B/I1A Inhibitors & 0.48
clopidogrel
Chronic stableangina 2,114,670
Aspirin 0.58
Statins 0.07
Heart failure- in hospital 34,690
ACE inhibitors 0.62
Beta-blockers 0.31
Spironolactone 0.10
Aspirin 0.50
Statins 0.21
Community heart failure- 242,090
ACE inhibitors 0.56
Beta-blockers 0.15
Spironolactone 0.10
Aspirin 0.29
Statins 0.17
Hypertension treatments 13,352,870 0.53
Statinsfor primary prevention 7,630,760 0.03

* Assuming relative risk reduction of 8%, equivalent to CABG for two vessel disease # If 80% get Heparin plus Aspirin, no option for increasein aspirin alone

0.31
0.08

0.27
0.15
0.09

0.15
0.29

0.26
0.37
0.30
0.15
0.29

0.26
0.37
0.30
0.15
0.36
0.11

0.29

1,105
110

4,755
1,845
1,280

870
410
3,210

700
3,935
34
1,595
965
579
763
945

3,295

(2%)

(1%)

(2%)
(5%)

(16%)

(19%)

(5%)
(16%)

233
36

224

234
958

2,178

1,020

438
1,078

381
181

419

790
1,471

6,206

3,048

1586
5,493
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Figure 0.1 Estimated CHD mortality reductionsin 2000, and potential gains IF specific treatment uptakes reached 80% of digible

patients

Number of deaths prevented or postpon
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Sensitivity analyses

The proportional contributions remained relatively consistent using an analysis of extremes
approach. Irrespective of whether best, minimum or maximum values were used, the
biggest potential mortality reductions came from treatments for heart failure and secondary
prevention (Figure 11.2).

Of the total of 20,910 additional deaths potentially prevented or postponed, 12,895 (61.7 %)
would have been in men and 8,015 (38.3%) in women. Two thirds of the fewer deaths
would have occurred in older patients, with 7%, 15%, 22%, and 16% of the total reduction
occurring in men aged 45 54, 55 64, 65-74, and 75-84 years respectively (and 2%, 6%, 14%,
and 16% respectively in women, Figure 11.3).
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Figure 0.2 Sensitivity analysis showing best estimates for mortality reductions | F specific treatment uptakes reached 80% of eligible
patients.
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Figure 0.3 Age and sex distribution of CHD mortality reductions | F appropriate specific treatment uptakes reached 80% of eligible

patients.
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1.27 Interpretation

In 2000, barely half the patients with cardiac disease actually received the appropriate therapy
157:159:269.289351:357 £ just 80% of eligible patients had received the cardiological treatment
indicated, then over 20,000 extra deaths could have been prevented or postponed. Thiswould
have almost doubled the reduction in mortality achieved by treatment in England and Wales
in 2000, and is consistent with other studies in Scotland and elsewhere"*33%,

But how could trestment uptakes be increased? Focused clinical audit can be effective, and
has already substantially increased thrombolysis uptake rates for AM1%*, and aspirin for
secondary prevention?®. Evidence -based clinical guidelines are now widely available®*°, and
strategies aiming to achieve treatment uptake levels of 80%-90% have been widely

disseminated!48:3%,

If astrategy for increased uptake were to initidly focus only on heart failure and secondary
prevention, then an 80% treatment uptake would be expected to result in approximately
12,000 fewer deaths in England and Wales in 2000 (almost two thirds of the total additional
benefit). However, such prioritisation would mean focusing mainly on patients in the

community.

All analytical models have limitations*?2. The strength and limitations of the models will be
discussed in detail in Chapter 13.

This study focused on mortality reduction, rather than quality of life or symptom relief.
Indeed, many cardiological treatments are given principaly for symptomatic improvement,
such as PTCA and beta-blockers for angina, and diuretics for heart failure**®. Furthermore,
increased therapy may also reduce serious morbidity, such as myocardial infarction, stroke or
heart failure often leading to repeated hospitalisation. By preventing such events, these
treatments can also potentially offset their own costs 2°°. At present, many patients are under-

dosed, whereas maximum benefits would only come with optimal dosing *.

In conclusion, modern cardiological treatments have already contributed substantially to the
observed reductions in coronary mortality. However, a more systematic application of proven
therapies to reach 80% of eligible patients would almost double the DPPs. Because resources
are always limited, future strategies should prioritise the delivery of secondary prevention and
heart failure therapies to al eligible patients.
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SMALL CHANGESIN UK CARDIOVASCULAR RISK FACTORS
LEADING TOPOTENTIALLY BIG REDUCTIONSIN CHD MORTALITY?

In Chapter 9, | described how population risk factor changes apparently explained
approximately 60% of the CHD mortality fall between 1981 and 2000. In this chapter, | will

now address the very important question:

What is the potential benefit of further reductionsin major risk factors?

1.28 Introduction

As | have discussed in earlier chapters, CHD mortdlity rates have halved in most
industrialised countries since the 1980s”. However, mortality has declined less in the UK, and
CHD remains the single largest cause of death?. The UK government recently endorsed CVD
as atop priority**8, and in 1999, the "Saving Lives' White Paper set the target of reducing the
CHD and stroke death rate in people under 75 years by at least two fifths by 2010, in other
words 28,000 fewer deaths in the year 2010°.

In this chapter | have used the England and Wales IMPACT model 2, to estimate the number

of additional CHD deaths that might potertially be prevented or postponed by 2010.
Initially, by simply assuming that cardiovascular risk factors continued their recent trends,

and then by assuming the additional small and eminently feasible reductions already seen in
many other countries.

109



1.29 Methods

The IMPACT model has been described in the previous Chapters 8 and 9in detail. Herethe
IMPACT model was extended from 1981 through 2000 to 2010, using population projections
and mortality data for men and women aged 25-84, from the Office for National Statistics®’.
The CHD desaths expected in 2010 were calculated g by applying the age specific death rates
in 2000 to the 2010 population, and b) by extrapolating current CHD mortality trends to the
year 2010°%2,

Risk factor projections
a) Assuming recent risk factor trends simply continue to 2010

Recent trends in smoking prevalence using data from the General Household Survey”® were
projected to 2010. Recent trends in total cholesterol, blood pressure, body mass index,
physical activity and diabetes were obtained from the Health Survey for England, British
Regional Heart Study, Glasgow-Belfast MONICA, and other UK surveys®1253%8  Age
specific trends were extrapolated to the England and Wales population in 2010.

b) Assuming more substantial reductionsin risk factors between 2000 and 2010

More substantial but feasible risk reductions were chosen, based on data from comparable
populations in Europe and USA. The calculations were then repeated assuming these greater

risk factor reductions.

i) Smoking The UK target to reduce smoking prevalence from the current prevalence of
26% to 24% among adults by 2010 does not appear challenging, and may be achieved
simply on the basis of current trends?®=",

17% in all adults aged under 65, as dready achieved in Californiain 2000™°, was

therefore chosen.

An eminently feasible 2010 prevalence of

ii) Cholesterol Reductionsin population mean total cholesterol levels between 1981-2000
have been modest in England and Wales, less than 5% in men and women aged 45-64'%,
The annual relative falls of 1.0% in men and 1.4% in women observed in Sweden'* were
therefore applied to the British population. The projected cholesterol levels for 2010,
5.2mmol/l overall, would then simply resemble those actually achieved in the 1990s in
populations such as Gothenberg (Sweden), Stanford (USA) or Perth (Australia) .
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i)

iv)

Vi)

Blood Pressure Population mean diastolic blood pressure fell on average by almost 8%
between 1981 and 2000, A further 4% (3.7 mmHg) decrease in diastolic blood pressure
between 2000 and 2010 was examined. Such falls have already been observed in severa
countries including Finland (5.2 mmHg), France (6.0 mmHg) and New Zealand (4.4

mmHg)'%>.

Obesity Community interventions to reduce obesity prevalence or mean BMI in the
general population have mostly failed to achieve sustainable falls®**%. There are currently
no UK obesity targets; however, a 15% reduction in obesity prevalence by 2010 was
recently proposed in the USA 3%, | therefore examined the same target for England and
Wales.

Physical activity Randomised controlled trials of rigorous, tailored interventions,
generally focussed on individual volunteers appear effective, with a 35% median net
increase in time spent on physical activity and a net median energy expenditure increase
of 64%*1, Community interventions have generally failed to produce sustained
increases in physical activity. However, a recent systematic review found that a variety
of different interventions such as mass media communication and risk factor screening or
counsdlling, increased the proportion of physicaly active people by 4.2%(-2.9 to 9.4)
overal**%. This may be compared with the 7%-9% increase reported in the Heart Beat
Wales Programme®®, | therefore examined the impact of a 5% potential increase in

moderately active people in the England and Wales population by 2010.

Diabetes Large Finnish and American studies in individuals with impaired glucose
tolerance suggest that intensive individualised instructions on weight reduction, food
intake and increasing physical activitycan produce sustained lifestyle changes and
reduce diabetes risk by 58% ***. The main mechanisms for this risk reduction appeared to

be moderate changes in body weight 3-4 kg (-5%), and moderate exercise for 150
minutes per week®%,

However these findings were from selected individuals in a high-risk group rather than the
genera population. In the absence of any published report of a successful reduction in
diabetes prevalence in a community or population, | therefore examined the impact of 5%

potential decrease in diabetes prevalence in England and Wales by 2010.
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Sensitivity Analysis

Because of the uncertainties surrounding some of the estimates, a multi-way sensitivity
analysis was performed using the analysis of extremes method?!. Estimated mortality

reductions were then generated using minimum and maximum plausible values for the main

parameters’ 2%,

1.30 Reaults

Changesin CHD mortality in England and Wales
a) Trends observed between 1981 and 2000

Overall annua declinesin CHD mortality rates were 3.1% in men and 2.3% in women,

ranging from 3.2% in the younger men to 1.8% in men aged 75-84 (Table 12.1).
b) Estimates between 2000 and 2010

Assuming that recent trends in age-specific death rates continued to 2010, approximately
86,325 deaths would be expected in 2010 (56,565 among men, 29,760 in women). This would
represent an overall reduction of 23% (23% and 22% respectively in men and women) from
2000 (Table 12.1).
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Table 0.1 Observed and projected CHD mortality rates and deaths in England and Wales, 2000-2010.

Population ~ CHD Mortality  Annual Change Estimated CHD  Expected CHD deathsin  Fall in CHD Deaths
(thousands)  Rates/100,000 inCHD deathsin 2010 with 2010 applying 2000 ates 2000-2010
Mortality Rates current trend
___(1981-2000)
a b c=b+(b*d*10) d e=a*c f=a*b g=e-f g/f*100
MEN 2010 2000 2010 % 2010 2010 number %
25-34 3,492 24 16 32 57 84 -27 -32
34-44 4,070 18.7 12.8 32 521 761 -241 -32
45-54 3,985 89.3 60.6 32 2,416 3,559 -1,142 -32
55-64 3,277 2824 1998 29 6,547 9,254 -2,707 -29
65-74 2,291 807.2 612.2 24 14,025 18,493 -4,468 -24
75-84 1,287 1896.9 1563.1 18 20,118 24,413 -4,295 -18
TOTAL 18,402 2138 1480 -3.1 43,683 56,565 -12,880 -23
WOMEN
25-34 3,358 0.6 04 27 15 20 -5 -27
35-44 3,855 45 34 24 133 173 -41 -24
45-54 3,885 18.7 13 30 506 726 -220 -30
55-64 3,342 784 55.3 29 1,849 2,620 -771 -29
65-74 2,480 335.2 2528 25 6,270 8,313 -2,042 -25
75-34 1,700 10533 847.9 19 14,415 17,906 -3,492 -19
TOTAL 18,620 173.2 1341 -2.3 23,188 29,760 -6,572 -22
TOTAL MEN & 37,022 193.2 1399 -2.7 66,330 86,325 -19,452 -23
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Cardiovascular risk factor changes

Therisk factor levelsin 2000, and the levels expected in 2010 on the basis of &) recent trends
and b) more substantial reductions are detailed in Table 12.2.

a) Mortality reductions based on recent trendsonly (Table 12.3)

All three major risk factors showed declining trends between 1981 and 2000. Assuming that

the same trends continued between 2000 and 2010, this would result in approximately 13,760
deaths prevented or postponed (DPPs) in 2010 (minimum estimate 9,540, maximum estimate
16,050 Table 12.3).

Approximately 8,880 fewer deaths would be attributable to afall in smoking prevalence from
(26% to 21%), with 2,525 attributable to a reduction in total cholesteral (from 5.8 mmol/l to
5.6 mmol/l) and 5,135 attributable to falls in population diastolic blood pressure (from 74.6
mmHg to 73.7 mmHg, Tables 12.2 and 12.3).

Obesity, diabetes prevalence and physical activity showed adverse trends between 1981 and
2000. Assuming the same adverse trends continued to 2010, these risk factors would cause
approximately 6,980 additional CHD degths (2,080 from obesity, 4,200 from diabetes and 705
from physical inactivity) (Figure 12.1).

b) More substantial reductionsin major risk factors (Tablesl12.2 and 12.3)

A total of approximately 50,410 deaths (minimum 37,210, maximum 75,435) could be
prevented or postponed by additional but feasible reductions in cardiovascular risk factors.

i) Approximately 17,060 fewer deaths assuming that the smoking prevaence fell from
26% to 17%;

ii) 24,945 fewer deaths assuming that population mean cholesterol levels declined to 5.2

mmol/l among men, and women;

iii) 6,505 fewer deaths assuming an average additiona decrease in mean diastolic blood

pressure of 3.7 mmHg across al age and sex groups (from 74.6 mmHg to 70.9
mmHg).

iv) 850 fewer deaths assuming a 15% decrease in obesity (a reduction from 21% to 18%

in men and women by 2010).
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V) 485 fewer deaths assuming a 5% decrease in diabetes prevalence (from 3.0% to 2.9%
in men and from 2.1% to 2.0% in women by 2010).

Vi) 1,055 fewer desths assuming a 5% increase in the prevdence of moderately active

people (from 46% to 49% in men and from 37% to 39% in women).

The number of DPPs in 2010 due to these additional risk factor changes could thus be

increased more than three fold, from 13,760 to 50,410; if relatively modest improvementsin
adverse risk factors were achieved (Tables 12.2 and 12.3).

These estimates remained relatively stable when subjected to a rigorous sensitivity analysis
(Figure 12.1).
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Table 0.2 Risk factor levels in the 2000 base year and projectionsto 2010: a) smply continuing recent trends, b) assuming
mor e substantial reductions achieved elsewhere (men and women aged 25-84 years).

|

2000 28 24 58 58 76.9 72.3 21 21 30 21 46 37
a) 010recenttrends 5 5 57 57 76.4 71.1 33 24 47 30 43 34
b) 2010 Additiondl

reductions 17 17 52 5.1 73.2 68.6 18 17 29 20 49 39

*: Moderate or strenuous activity =3 times/week for >20 minutes
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Table 0.3 The estimated reduction in CHD mortality in England and Wales between
2000 and 2010 on the basis of changes in specific risk factors: a) continuing recent
trends, and b) with more substantial reductions.

Changein Risk Factor Deaths prevented or postponed in 2010
RISK FACTORS Between 2000 & 2010 as aresult of reductionsin risk factors
Men Women between 2000 and 2010

(maximum and minimum estimates)

Smoking
Recent trend -19% -16% 8,880 (6,115 to 13,610)
More substantial reduction  -40% -36% 17,060 (9,810 to 30,555)

Total Cholesterol
Recent trend -2% -2% 2,525 (1,530 to 4,735)
More substantial reduction  -10% -13% 24,945 (21,615 to 31,185)

Population blood pressure

Recent trend -1% -2% 5,135 (3,850 to 6,630)
More substantial reduction -5% -5% 6,505 (4,875 to 8,265)
Obesity

Recent trend 57%* 6%* -2,080* (-1,610to -8,010)
More substantial reduction  -15% -15% 850 (385 to 3,425)
Diabetes

Recent trend 48%* 30%* -4,200* (-1,945 to -5,915)
More substantial reduction -5% -5% 485 (205 to 630)

Physical activity
Recent trend -2%* -9%* -705* (-350to -915)
More substantial reduction 5% 5% 1,055 (525 to 1,370)

ALL RISK FACTORS
Recent trend = = 13,760 (9,540 to 16,050)
M ore substantial reduction = = 50,410 (37,210 to 75,435)

* Worsening trend producing additional CHD deaths
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Benefits stratified by age and sex, and comparison with UK targets

Overall, men would benefit more than women (‘ current trends’ 72% of prevented deaths in
men and 28% in women; ‘additional reductions 60% in men and 40% in women).
Approximately 24,000 fever deaths would occur in men and women aged under 75, the age
group specified in the government target (Table 12.4).

Deaths prevented or postponed by treatments

Medical and surgical treatments in 2000 together prevented or postponed approximately
25,765 deaths®*3(Chapter 11). This figure might well rise to approximately 46,675 fever
deaths by 2010, if the National Service Framework targets are achieved, with at least 80% of
eligible patients receiving appropriate therapy>®. Thiswould therefore represent
approximately 20,000 fewer deaths than in 2000.

SENSITIVITY ANALYSES

There is a consistently huge potential gain from cholesterol reductions in the population.
Large DPPs can be achieved also from smoking reduction in the population. Furthermore,

DPP gains from smoking can range from as little as 9,810 to very substantia higher values
(30,555) (Figure 12.1).
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Table 0.4 Reductionsin CHD mortality achievable in 2010, stratified by age and sex

a) continuing recent risk factor trends and b) with more substantial risk factor

reductions.
Deaths prevented or postponed
Men Women
Number %0* Number %*
25-34 years
Recent trends 3 0% 2 0%
More substantial reduction 60 0% 10 (022)
35-44 years 180 1% 30 %
Recent trends
More substantial reduction 725 1% 140 (0:2)
45-54 years 855 6% 125 1%
Recent trends
More substantia reduction 3,145 6% 720 1%
25-64 years 1,345 10% 475 D
Recent trends
More substantial reduction 4115 8% 1,420 )
g‘; Z‘r‘]ty;'irns . 2,490 18% 1,505 11%
More substantial reduction 8,560 17% 4,995 10%
Zfe;: i‘;ﬁ’&‘irns e 5,070 37% 1,685 12%
More substantia reduction 14,035 28% 12,485 25%
;‘E’g]t rends 9,935 72% 3,820 28%
More substantial reduction 30,635 60% 19,775 40%

* Over total DPPs gain from recent trends (13,760) and more substantial reductions (50,410).
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Figure 0.1 Potential changein CHD mortality in England and Wales between 2000 and 2010 if risk factors a) continue recent
trends b) undergo more substantial reductions.

4

&
& R . &
F & &

£ o
& &

35.000
30.000
25.000 -
20.000 -
15.000
10.000

5.000

===

O Recent B M ore Substantial

-5.000
-10.000

Number of desthsprevented or pogtponed in 2010

(Bars indicate maximum and minimum estimates from the sensitivity anaysis).
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1.31 Interpretation

Surprisingly modest risk factor reductions could prevent or postpone over 50,000 CHD desaths
in 2010 in the UK. Thiswould represent half the 100,000 current annual coronary deaths’,
and would include some 24,000 fewer premature deaths (aged under 75), as specified in

recent government targets.

The biggest potential CHD mortality reductions in the UK would come from decreases in
blood total cholesterol: with a 2% - 4% mortality reduction for every 1% decrease in
cholesterol®?. Yet actual fallsin UK total cholesterol have been modest, and current levels
remain higher than most of the other Western countries”. Thisis not surprising given the lack
of coherent dietary policiesin the UK. As| have previoudy emphasised in Chapter 3,
elsewhere, complementary national and local programmes have achieved substantial dietary
changes!23124

| found that each percent reduction in UK smoking prevalence would result in some 2000
fewer CHD deaths each year. The recently approved WHO Framework Convention for
Tobacco Control has again emphasised the two essential comprehensive strategies: preventing
young people from commencing to smoke, and promoting cessation in smokers®S, In most of
the Scandinavian countries, advertising bans were found to be effective in lowering tobacco
consumption'’. In the USA intensive health promotion and taxing programmes resulted in

more impressive declines, which slowed visibly when these programmes were suspended™®.

A 1% reduction in UK population diastolic blood pressure, continuing recent trends, would
prevent over 5,000 CHD deathsin 2010. Thisis because recent relative changes in mean
diastolic blood pressure in older age groups were substantial, up to 8%. Thus, assuming a
reduction of 5% in al age-sex groups, as seen in Scandinavia, would have surprisingly little
additional impact, (approximately 6,505 DPPs overall). Population blood pressure has been
decreasing in many Western countries in recent decades'?. Much of this has been attributed
to the reduced intake of preserved foods. Dietary salt restriction clearly achieves a small blood
pressure reduction in normotensive subjects, and even more in hypertensives, about 4 mmHg
systolic / 2 mmHg diastolic® (Chapter 3).

The recent UK increases in inactivity, obesity and diabetes are responsible for over 7,000

CHD deaths each year. Effective interventions to change these risk factors in the population
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arediscussed in Chapter 3. Systematic reviews of mostly US studies suggest that in
individuals exercise interventions promoting walking are more successful than those

142 The most effective intervention for obeseindividualsis

requiring attendance at a facility
apparently a combination of advice on diet and exercise, supported by behavioural therapy™®,
Inthe population, obesity reduction appears challenging whereas severa interventions clearly
increase physical activity. These include community wide campaigns, school based
interventions and individually adapted health behaviour change programmes'#!. Furthermore,
transport policies that promote walking and cycling may play a major role. No government
obesity targets have yet been set. The recommendations by the ongoing Health Select

Committee enquiry are eagerly awaited.

The strengths and limitations of the model are discussed in detail in Chapter 13. In addition a
number of further assumptions were made to estimate the number of deaths that could be
prevented with additional risk factor reductions. For example, | assumed that major risk
factors might continue to change at similar annual rates until 2010, and that coronary
mortality would continue to decline at current rates. Extensive sensitivity analyses were
therefore required to consider higher and lower values for each estimateé™!. These modestly
influenced the number of DPPs, but did not alter the relative contribution of each risk factor
(Figure 12.2).

Furthermore, our findings are generally consistent with a recent report on monitoring the 2010
CHD target336. This report suggested that reducing mean population cholesterol level to 5
mmol/I or less would prevent approximaely 50% of CHD deaths. An (optimistic) 25%
reduction in the prevalence of obesity or inactivity might prevent 2% and 1% of CHD deaths
respectively336.

I'n conclusion, the government’s “ Saving Lives’ target therefore appears eminently achievable
and distinctly unchallenging. However, Britain lags behind many other counties and CHD
will remain the biggest cause of death for the foreseeable future. Furthermore, continuation
of current trends cannot be assumed, particularly given the 'levelling off' in CHD mortality

recently seen in the USA®".

The policy implications of these findings will be discussed in the next chapter.

122



DISCUSSION

1.32 Main findings

In my thesis, | first evaluated the data sources available for CHD in the UK. Data were varied
in quality. Population and patient data were usually available and accessible from official
statistics. Risk factor data were limited for the early 1980s  but more extensive by 2000. Data
on hospital interventions were not routinely available, but limited prescribing and uptake data
for primary and secondary care were available. In general, data for women and the elderly
(over 65) were particularly scarce and variable in quality.

Using theseavailable data, | then explored the CHD burden in England and Wales. In 2000,
an iceberg of disease was apparent in the England and Wales population of 51 million, with

approximately 60,000 patients undergoing revascularisation, over 2.5 million patients living
with CHD and over 32 million possessing one or more elevated risk factors (Chapter 4).

CHD mortality fell by more than half between 1981 and 2000 in England and Wales. In my
thesis, | therefore transformed and devel oped the IMPACT model to explorethis decline.
Approximately 40% of the fall was attributable to the combined effects of modern
cardiological treatments, whereas almost 60% was attributable to reductions in major risk
factors (Chapter 9). These findings were consistent with the majority of other studies that
used diverse methodologies in the USA'™®, Europe®™', Scotland’, and New Zedland®. Thusin
the US population, for instance, 50% of the recent CHD mortality decline was actually

explained by risk factor reductions®.

Modern cardiological treatments prevented or postponed approximately 26,000 deaths in 2000
in England and Wales. The most substantial contributions came from secondary prevention
therapies and heart failure treatments. Thisis not surprising, because improvementsin

survival after acute coronary events in the last decade have been documented in many
countries, including England and Wales®*® | thus potentially increasing the number of patients

digible for secondary prevention.

Reductions in the major risk factors between 1981 and 2000 accounted for approximately
36,000 fewer deaths in England and Wales in 2000. The biggest single contribution reflected

alarge fall in smoking prevaence, from 39% to 28% overall. Almost 10% of the mortality
fall came from arelatively small reduction (4.2%) in population total cholesterol level. This
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emphasises the potential gains from bigger reductions in population cholesterol, with a 2% -
4% mortality reduction for every 1% decrease in cholesterol®.

In my thesis, | then estimated life-years gained (LY Gs) from cardiovascular risk factor
reductions and cardiological treatments. Thisis the first comprehensive analysis of life years
gained from risk factor reductions and cardiological treatments published for England and
Wales. Thefall of 69,000 DPPs corresponded to almost one million additional LY Gs in the
same period. Surprisingly, cardiological treatments explained only 21% of this gain, mostly
from secondary prevention and angina treatments. Although heart failure treatments resulted
in over 7,700 DPPs, because of the short life expectancy in these patients, only 25,360 LY Gs
(or 2% of overall LY Gs gained by cardiological treatments and population risk factor changes
in England and Wales, in 2000) might actually be gained®?%, Almost 80% of the LY Gs
came from changes in population risk factors, principally smoking, but also cholesterol and
blood pressure (Chapter 10).

A death prevented or postponed in a patient with recognised CHD gained an additiona 7.5
years of life on average. Gains were greater in men, younger patients, or those surviving
uncomplicated infarction, rather less in older patients or those with heart failure. In contrast,
each death prevented or postponed by a risk factor reduction gained an additiona 20 years of
life on average, substantially more in younger individuals, rather less in older people. These
findings are generally consistent with previous studies®™?. However these LY Gs occurred in
people whose deaths due to CHD was prevented or postponed, rather than in the whole
population. However, population life expectancy might also be increased. Bunker et a.
examined the 7.1 years increase in life expectancy observed in the USA between 1950 and
1989. Changes in coronary and cerebrovascular disease death rates accounted for 10%-20% of
this increase®™. Thisis consistent with estimates for Scotland (1975-1981)%. Again in the
USA, Tsevat et d attributed 1.0 to 1.2 years increase in population life expectancy by
lowering blood pressure in men, (and 0.3 to 0.6 years in women), and 0.5 to 1.2 yearsby
quitting smoking in 35-year old men (0.4 to 0.8 in women)®*®. Using similar assumptions,
Grover et al estimated that reductions in CHD and stroke risk through blood pressure
reduction would result in 0.9 to 1.2 years increase in life years in men aged 40, and 0.6 to 1.3

years in women.

In 2000, barely half the patients with CHD actually received the appropriate therapy in
England and Wales. | therefore further explored potential benefits from increasing treatment
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uptake levels. If just 80% of eligible CHD patients had received the cardiological treatment
indicated for them in evidence based guidelines, then a further 20,500 deaths could have been
prevented or postponed. This would have almost doubled the reduction in mortality actually
achieved by treatments in England and Wales in 2000(Chapter 11). The largest contributions
would come from increasing heart failure and secondary prevention treatments to 80%.
Furthermore, such prioritisation would mean focusing principaly on patients in the
community. These findings were consistent with previous studies®'. Furthermore, as
discussed in Chapter 11, they highlighted the need to identify effective strategies for
increasing treatment uptake.

In Chapter 12, | considered the number of additional CHD deaths that might potentially be
prevented or postponed by further reductions in mgjor cardiovascular risk factors. Firstly
assuming that cardiovascular risk factors simply continued their recent trends to 2010, and
then by assuming the additional small and feasible reductions aready seen in several other
countries. The modest additional risk factor reductions already achieved in Scandinavia and
the USA could potentialy prevent or postpone over 50,000 CHD deaths in 2010 in the UK.
This would halve the 100,000 current annual coronary deaths. However, | only estimated the
impact of population risk factor change without considering in detail how these levels could
be achieved. There is ongoing debate about whether to target high-risk people or the whole
population for risk factor interventions. Kottke et a modelled these two interventions to
compare the expected benefits from high-risk and population strategies, using Monte Carlo
simulation®®. They used actually achieved cholesterol and blood pressure changes without
drug treatment in North Karelia between 1972 and 1977, They found that a 4% reduction
in cholesterol, 3% reduction in DBP and 15% reduction in smoking prevalence in the whole
population would lead to 12% decrease in nonfatal M, and 18% decrease in CHD deaths in
the US™®. However, just targeting people who have 3 risk factors with high levels and
reducing their cholesterol to 180 mg/dl (or 4.7 mmol/l), diastolic blood pressure to 80 mmHg
and eliminating smoking would reduce nonfatal M1 by 2% and CHD degth by only 5% in the
US*®. Their findings were similar for Finnish North Karelia cohorts®®. It has been
congistently suggested by Rose and others that in populations with a relatively high incidence
of CHD, such as England and Wales, targeting entire population would produce larger effects
than focusing on high-risk popul ations'®3%,
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1.33 Strengthsof the IMPACT Mode

This study used a cell-based mortality model, which has been tested and refined over a
number of years in several different populations*>3232%38 |t \as extensively developed over
the three years of my PhD studentship. The IMPACT Model can now generate estimates for
DPPs and life years gained for England and Wales population. Furthermore it can estimate
potential gains from further treatment increases®® or risk factor reductions’?.

In thisthesis, | have described the further development of the original IMPACT Model to
include new treatment options and risk factors. This has made the IMPACT Modd quite
comprehensive. Despite its size, the IMPACT Model is user friendly, asit isbased in a
common spreadsheet package, Excel, and therefore easy to update with new data or to add

new treatment options or risk factors.

The IMPACT Modéd is the first comprehensive CHD mortality mode for whole population of

England and Wales. In this thesis, | used the model to consider questions relevant to public
health policyand CHD NSF*®

The model incorporated large amounts of data from various selected best available sources.
Data quality was assessed first, and missing or incomplete data were dealt with by
extrapolation or explicit assumptions. The assumptions used in IMPACT Model w ere
documented and tested. Comprehensive sensitivity analyses were then carried out to explore

these limitations.

Comparing with other major modelsin Table6.2, the IMPACT model satisfies most of the
quality criteria recommended in the ISPOR Guideline216. The IMPACT model considers
risk factors and categories of CHD and treatment options in a coherent model. Few of the
models reviewed in Chapter 6 considered risk factors and treatments together. Furthermore,
IMPACT s internal validity was extensively checked by two other researchers (SC, JC).

The IMPACT Mode estimates were then validated by comparison with the observed
reductions in CHD deaths in England and Wales, stratified by age and sex. This method
appears acceptable since IMPACT is adescriptive model. External validity or predictive
validity may be considered desirable but not be essential for this kind of moddl 215;216.
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The validity of this model could be further evaluated using different models for the same
question?®, such as PREVENT or CHD Policy Model (corroboration). However this might

well require considerable timeand effort.

All modelling studies include a number of assumptions, which need to be clear and well
documented for the users. The assumptions used in IMPACT Model were tested and
documented.

1.34 Limitations of the  MPACT Modd

CHD Data input

All modelling studies have limitations. Models are based on large amounts of data from
many sources. However available data may be mixed in quality and lacking in quantity. In
case of the IMPACT model, UK CHD data sources lacked precise data for some of the risk
factor changes and patient numbers. However, to a certain extent it was possible to
extrapolate some of the missing data. This was the case for diabetes and cholesterol trends

since data were not available for the beginning of 1980s.

| also needed to make a number of explicit assumptions to cover deficiencies in the UK data
on CHD?®. This was essential for age specific treatment uptake levels for hospital CHD care,
and some of the risk factors in the early 1980s such as blood pressure and cholesterol.
Furthermore, different sources reported dightly different uptake levels or risk factor levels. In
such cases, | choose the most “reasonable” source after critical consideration of al alternative
sources. In modelling studies uncertainties in some data are unavoidable. However,
senditivity analyses are extremely useful to quantify the degree of uncertainty and hence the
potential bias. | therefore used rigorous ‘analysis of extremes sensitivity analysis
methodology to examine these uncertainties in data?®t. Reassuringly, the relative contribution
of each risk factor and treatment to the overall CHD mortality decline was little changed

whether considering best, minimum or maximum estimates (Figure 9.2).

When | started to build the IMPACT Mode for England and Wales, | aimed to include all age
groups over 25. However, risk factor and treatment data for people over 85 years were very
limited. Therefore, my final model only included the age groups 25-84. The mode fit was
also not so good in older women, aged 75-84 years. This probably reflects less satisfactory
data quality, particularly less accurate coding for cause of death (Table 9.5)*"1%% The elderly
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population is increasing, and as they will have higher health care needs, it is very important
that modelling studies in the future should explicitly include these groups. Fortunately, in the
UK and other comparable countries more data have become available for elderly peoplein
1990s™.

Model Outcomes

At the moment, the IMPACT Model focuses only on mortality and LY Gs. A recent attempt
was made to include cost and costeffectiveness of the treatments for CHD in England and
Wales in 2000, Future work should also focus on converting LY Gs in to quality adjusted
life years (QALYS), and estimating the cost-effectiveness of interventions for primary and
secondary prevention strategies. It would also be desirable to include outcomes such as the
incidence of CHD or symptomatic relief. Some CHD policy models have included a wider
range of outcomes. For instance, the CHD Policy Model can generate estimates for many
outcomes such as incidence of CHD events, CHD prevalence, CHD mortality, life years
gained, cost per life year and all cause mortality’”. However that model does not include all
individual CHD treatment effects.

The IMPACT model was confined to CHD, and did not explicitly consider patients with other
CVD such as stroke or periphera arterial disease. Neither does IMPACT consider the
development of other diseases or “competing causes’ such as cancer’’>. However, since many
cancers share some CHD risk factors such as smoking, interventions for reducing smoking

would actually decrease deaths from lung cancer and other cancers®1%1%

The original Scdtish IMPACT Model only included three major risk factors - smoking,
cholesterol and blood pressure. | therefore introduced new risk factors including diabetes,
obesity, physical inactivity and deprivation to the IMPACT Mode for England and Wales.
This improved the mode fit substantially and now IMPACT Model explains 89% of the
mortality fall. Furthermore, it has been estimated that these major risk factors explain
approximately 85% of the UK variation in CHD risk 333, However, other independent risk
factors, such as dietary antioxidants, homocysteine and the birth weight, could be included to

increase comprehensiveness.
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Methodology

Certain methodological issues merit further attention in the IMPACT Modd. Risk factor lag
times were not explicitly considered. For many carcinogens, the delay between exposure to a
carcinogen and overt disease may be decades, however, lag times for CVD are much
shorter®®. Lag times may therefore be relatively unimportant over a 20-year analysis of
CHD, because mortality reduction occurs relatively quickly, within £5 years of quitting

smoking or reducing cholesterol 2232
Assumptions

The IMPACT Mode used b coefficients to estimate impact of risk factor changes on CHD
mortality. Assumptions were made that benefits from concomitant risk factor reductions are
“independent” therefore DPPs from each risk factor could be summed. All the beta
coefficients and relative risk values were obtained from multivariate logistic regression
analyses and therefore adjusted for potential confounding from the major risk factors.
However ‘residual confounding’ from other potentially important risk factors for CHD,
including diet (such as consumption of fish oils anti-oxidants and a cohol), and life-course
factors and some novel risk factors may remain. These estimates may therefore still
overestimate, because most multivariate regression models, of necessity, included data on
only alimited range of risk factors. For the MONICA study, for instance, these were smoking
(yes or no), systolic blood pressure, total cholesterol, and body mass index'®. Further

development work is clearly needed.

The IMPACT model also assumes that efficacy, the mortality benefits reported in randomised
controlled trial patients can be generalised to effectiveness in unselected patients in clinical
practice. Though not ideal, this appears acceptable’®. A consistent treatment effect

independent of the level of risk is also assumed, again, perhaps not unreasonably “®.

Sensitivity analyses were essential to examine the effect of varying these underlying
assumptions, and hence test the robustness of the model?®%. Maximum and minimum
estimates were sometimes wide. However, the relative contribution of each individual
intervention remained remarkably consistent. Thus the major potential gains from treatments
generally came from heart failure and secondary prevention, followed by initial treatments for
myocardia infarction and statins. Correspondingly, the largest risk factor impacts always
came from smoking and cholesterol, (Figure 9.2, Figure 10.3, Figure 12.1).
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1.35 How can CHD modelling be improved?

Modelling is potentially very useful for health policy decision-making. However not al the
models are equally suitable for this purpose. Modelling in health is arelatively new scientific
field. Asmodel users and developers increase and become more experienced, so modelling

standards should also improve as validation becomes routine.

First comesinternal validity. The technical accuracy of models must be verified to ensure
that the model performs al the calculations correctly. Data entry errors and logical

inconsistencies can al be detected during verification®®,

External validation is aso becoming more straightforward. Recently published guidelines

now provide basic principles for modelling?%22%?%® Furthermore, such guidelines are not
prescriptive; they simply attempt to systematize the components of the model and the
information needed for model development. Clearly, different circumstances may lead to
deviations from these guidelines, depending on the purpose of the model and on resources
available (time, data, money). However, promoting and publicising ‘best practice principles
for managing models, (whether based on spread sheets or on other methodologies) is likely to

increase their user friendliness, acceptability and credibility 22,

How can we improve the IMPACT model?
A number of improvements should be considered:

- Including different outcomes, such as the QALY. This could be achieved by applying
published QALY weights to specific patient groups.
- Including CHD events (incidence) or ‘number of surgical interventions such as CABG

and PTCA avoided’ as an outcome. This could be done with more reliabl e data on these

outcomes as they become available

- Including new treatments and risk factors. The model can then be updated as new

effective treatments become available. It could aso be updated with trend data on new risk
factors as these become available, for instance low birth weight, or specific dietary factors.

- Consultations between the developers, the potential users of the IMPACT Model and one
or more IT specialists could improve the user friendliness of the model. For instance, a
more user-friendly “front end”. The IMPACT Model could start with a brief introduction,

portfolio of exercises, and options to test and compare different policy options. This could
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perhaps be achieved by incorporating macros, which could save some columnsin the
currently large model spreadshest.

- Theoriginal Operational Manua for the IMPACT Model was created by our team (SC,
JC, BU) and used by collaborating researchers. A revised and updated manual would
potentially be very useful to introduce new users to the basic methodology of the mode.

1.36 Implicationsfor public health practice

The National Service Framework for Coronary Heart Disease now requires primary care
disease registersin every practice. Such registers will certainly help to identify eligible
patients, but will requiresubstantial resources™®. Furthermore, it is unclear whether registers
alone will substantially increase treatment uptakes “® The National Service Framework for
Coronary Heart Disease also requires practices to establish ‘cardiac prevention clinics' run by
trained nurses and supported by a doctor. Structured care should be provided in these clinics
for the patients with CHD. It is recommended that by April 2002, the use of effective
medicines after heart attack (especially use of aspirin, beta-blockers and statins) should be
improved so that 80-90% of people discharged from hospital following a heart attack will be
prescribed these drugs. However, no clear milestones were set for patient care inthe
population ¥ These recent government targets, combined with financial incentives in the
new GP contract, may also have positive effects’®. Greater patient empowerment may also
be required .

1.37 Policy implications for decison makers

This modelling work provided potentially very useful information for health policy makers. It
demonstrates that risk factor changes consistently prevented more deaths and saved more life-
years in the genera population than treatments. Thisis mainly because the number of
individuas dligible for each treatment was much smaller compared than the number of
subjects potentially eligible for risk factor changes using the * population approach’. Some
interventions offer only small benefits to individual subjects; however, when applied to large
numbers of people they produce significant health gains for the population and this is known

as prevention paradox*®

. This emphasises the importance and potential of primary prevention
strategies. Interventions should therefore target the whole population, and should be
comprehensive. Tobacco taxation plus legislation on smoking restrictions in public places,

green transport policies and diet interventions can all be particularly valuable. Such policies
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could produce further substantial reductions in coronary mortality, as already achieved
elsewhere™¥1%51% - However in the CHD NSF this population approach was rather

overshadowed by the individual patient care perspective. Periodic risk factor evaluation for
the individuals was recommended with interventions directed to high-risk people rather than

the whole population™®.

1.38 Clinical implications

This thesis also produced potential useful findings for the clinical management of CHD.
Treatments for the secondary prevention of CHD prevented or postponed more deaths than
any other intervention in CHD patients. Heart failure therapies a'so had a mgjor effect,

particularly surprising given the often poor prognosis of heart failure in many patients.

Revascularisation from CABG surgery and angioplasty surprisingly accounted for only a very
small part of the mortality fall and gains in life-years. Similar findings have been reported

from other countries such as the USA®™. This is a disappointingly small contribution,
considering the large financial and political resources being consumed to promote

revascularisation®*®, However, it isimportant to remember that this thesis has considered
only mortality and life years gained as outcomes. Revascularisation might be more effective
at relieving anginal symptoms than medical trestments such as beta blockers, nitrates and

calcium channel antagonists™".

The LY Gs from ACE inhibitors, beta-blockers and spironolactone were relatively large, given
the relatively low prescribing rates in 2000 and the high case-fatality in heart failure
patients?®. This further emphasises that simple inexpensive treatments applied to all eigible

patients can potentially produce huge gains“®.

1.39 Research implications and future resear ch questions

1) One of the future research questions is related to the modelling methodology. At
present | assume that risk factor reductions are independent, as discussed above. It
would be worthwhile to explore how much difference does clustering of risk factors
make and whether the reductions principally occur in subjects with many or only one
risk factor.
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2)

3)

4)

1.40

CHD mortality did not fall equally in al social classes. It would therefore be desirable
to evaluate the risk factor trends in these groups and explore their impact on mortality

change.

More effective methods are needed for changing risk factor distributions in the whole
population. There is currently alack of evidence for some factors, including physical
activity, diabetes, and obesity.

This thesis emphasised effective strategies to reduce CHD mortality in England and
Wales. Liaison with local and national policy makers to increase the utility of the
model is therefore very important. Several people and groups who worked in various
levels of NHS have consulted us to use the model to answer different questions in
their practice. We offered training and collaboration, because the model was not
sufficiently user friendly to let them use it unaided. Future work should therefore
involve efforts to increase the user friendliness of the IMPACT Model, as described

above.

Lessons| have learned
While building a modd, it is very useful to keep a diary, because modelling is an

iterative process.

A list of data and the sources used in the model should be prepared and updated

frequently with evaluation, strengths and weaknesses of the sources.

Building the model involves alot of teamwork. Good cooperation and communication
betw een the team members is crucial. Regular meetings and supervision can be very
helpful.

There should be also some agreement between the team members on the ways of
working on the model. These may involve more practical actions for example writing
the formulas in a certain way, not putting the same data source in the spreadsheet more
than once but linking it if it is necessary or using the same colour code for some
estimates. A ‘best practice points list was suggested by Edwards et al?25(Appendix
12).

Teamwork is also important for model verification to check the model for erroneous

data entries and formulas.
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While building a model, it is important always to keep electronic back-ups on different
computers, since a virus attack or a technical problem can destroy the product of long

and painstaking work.
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1.41 Conclusons

CHD represents a massive burden of disease in England and Wales. Yet information on CHD
is quite patchy and poor. Future CHD disease monitoring and evaluation therefore will
reguire more comprehensive and accurate populationbased information on trends in patient
numbers, treatment uptake and risk factors. This will require adequate resources to improve
existing information systems. Regular and comprehensive surveys (including women and

elderly people), using standardised methodology will also be essential.

CHD mortality in England and Wales fell by more than haf between 1981 and 2000. Over
half this fall was attributed to reductions in mgjor risk factors, and some forty percent to
medical therapies. Thisfall in CHD mortality resulted in almost one million additional years
of life. Modern cardiological treatments in England and Wales in 2000 gained many
thousands of life-years. However, three times as many life-years were generated by relatively

modest reductions in major risk factors, mainly smoking, cholesterol and blood pressure.

In the year 2000, treatment uptake levels were generally poor. Increasing uptake levelsto
reach 80% of all eligible patients would have almost doubled the deaths actually prevented or
postponed. The largest benefits would have come from heart failure and secondary prevention
treatments. Furthermore, if the UK managed the modest additional risk factor reductions
aready achieved in the USA and Scandinavia, this could prevent or postpone substantial
numbers of deaths, potentially halving the current coronary mortality by 2010. Cholesterol

and smoking reductions would provide the largest gains.

These findings therefore emphasise the importance of a comprehensive strategy which
actively promotes primary prevention, particularly for tobacco and diet, and which maximises
population coverage of effective treatments, especially for secondary prevention and heart

failure.

135



REFERENCES for the PhD Thesis [2004]

10.

11

12.

13.

14.

15.

16.

17.

WHO. World Health Report 1999. 1999. Geneva, WHO.

British Heart Foundation Statistics Database. Coronary Heart Disease Statistics. 2002
http://www.bhf.org.uk/professi onal s/'upl oaded/bhf%20heartstats%6202003%20-%6204-
page.pdf . 12-9-2003.

Critchley J,.Capewell S. Why model coronary heart disease?Eur Heart J 2002,23:110-6.

Capewell S, Morrison CE, McMurray JJ. Contribution of modern cardiovascular treatment
and risk factor changes to the decline in coronary heart disease mortality in Scotland between
1975 and 1994. Heart 1999; 81:380-6.

Capewell S, Beaglehole R, Seddon M, McMurray J. Explaining the decline in Coronary Heart
Disease Mortality in Auckland, New Zealand between 1982 and 1993. Circulation
2000;102:1511-6.

Davies GJ. Pathophysiology of acute coronary syndromes. Medicine 1997;25:35-7.

WHO. World Health Report 1997. 39-45. 1997. Geneva, WHO.

Lawlor DA, Ebrahim S, Smith GD. Trends in sex differencesin mortality from heart disease:
sex isnot same as gender, and theory wasfirst proposed in 1950s, say authors. BMJ
2002;324:237-8.

Gordon T, Castelli WP, Hjortland MC, Kannel WB, Dawber TR. Predicting coronary heart
disease in middle-aged and older persons: the Framingham Study. JAMA. 1977;238:497-9.

D'Agostino RB, Kannel WB, Belanger AJ, Sytkowski PA. Trendsin CHD and risk factors at
age 55-64 in the Framingham Study. Int J Epidemiol.1989;18(suppl 1):S67-S72.

Kannel WB,.Gordon T. Evaluation of cardiovascular risk in the elderly: the Framingham
Study. Bull N'Y Acad Med. 1978; 54:573-91.

Shaper AG. Coronary Heart Disease Risks and Reasons. London: Current Medica Literature
Ltd, 1988.

Wenger NK. Coronary heart disease: an older woman's major health risk. BMJ
1997;315:1085-90.

Fielding JE. Smoking: health effects and control (1).N Engl J Med 1985;313:491-8.
U.S.Department of Health and Human Services. Reducing the Health Consequences of
Smoking: 25 Y ears of Progress. A Report of the Surgeon General. Rockville, Maryland:
DHHS Publication No. (CDC) 89-8411, 1989.

Jousilahti P, Vartiainen E, Tuomilehto J, Puska P. Sex, age, cardiovascular risk factors, and
coronary heart disease: aprospective follow-up study of 14 786 middle-aged men and women
in Finland. Circulation 1999;99:1165-72.

Nilsson S, Carstensen JM, Pershagen G. Mortality among male and female smokersin
Sweden: a 33 year follow up. J.Epidemiol.Community Health 2001;55:825-30.

136



18.

19.

20.

21.

22.

23.

24.

25,

26.

27.

28.

29.

30.

3L

32.

Bottcher M,.Falk E. Pathology of the coronary arteriesin smokers and non-smokers. J
Cardiovasc Risk 1999;6:299-302.

Pech-Amsellem MA, Myaral, Storogenko M, Demuth K, Proust A, Moatti N. Enhanced
modifications of low-density lipoproteins (LDL) by endothelia cells from smokers: apossible
mechanism of smoking-related atherosclerosis. Cardiovasc.Res. 1996;31:975-83.

Powell JT. Vascular damage from smoking: disease mechanisms at the arterial wall. Vasc Med
1998;3:21-8.

McGill HCJ, McMahan A, Malcom GT, Oalmann MC, trong JP. Pathobiological
Determinants of Atherosclerosisin Youth (PDAY) Research Group. Effects of serum
lipoproteins and smoking on atherosclerosis in young men and women. Arterioscler Thromb
Vasc Biol. 1997;17:95-106.

Critchley J,.Capewell S. Mortality risk reduction associated with smoking cessation in patients
with coronary heart disease: a systematic review. JAMA 2003;290:86-97.

U.S.Department of Health and Human Services. The Surgeon General's 1990 Report on the
Health Benefits of Smoking Cessation. Rockville, Maryland: DHHS Publication No. (CDC)
89-8411, 1990.

MacMahon S, Peto R, Cutler J, Collins R, Sorlie P, Neaton J et al. Blood pressure, stroke, and
coronary heart disease. Part 1, Prolonged differencesin blood pressure: prospective
observational studies corrected for the regression dilution bias. Lancet 1990;335:765- 74.

Pasternak RC, Grundy SM, Levy D. Spectrum of Risk Factorsfor Coronary Heart Disease.
JACC 1996;27:978 87.

Yusuf S, Lessem J, Jha P, Lonn E. Primary and secondary prevention of myocardial infarction
and strokes: an update of randomly allocated, controlled trias. J.Hypertens.Suppl
1993;11:561-S73.

Lewington S, Clarke R, Qizilbash N, Peto R, Collins R. Age-specific relevance of usual blood
pressure to vascular mortdity: ameta analysis of individual data forone million adultsin 61
prospective studies. Lancet 2002;360:1903-13.

Garg R,.Yusuf S. Overview of randomized trials of angiotensin-converting enzyme inhibitors
on mortality and morbidity in patients with heart failure. Collaborative Group on ACE
Inhibitor Trials.JAMA 1995;273:1450-6.

NCEP. Summary of the second report of the National Cholesterol Education Program(NCEP)
Expert panel on detection, evauation, and treatment of high blood cholesterol in adults
(Adultstreatment panel I1). JAMA 1993;269:3015-23.

Neaton JD,.Wentworth D. Serum cholesterol, blood pressure, cigarette smoking, and death
from coronary heart disease. Overall findings and differences by age for 316,099 white men.
Multiple Risk Factor Intervention Trial Research Group. Arch.Intern.Med. 1992;152:56-64.

Law M, Wald N, Wu T, Hackshaw A, Bailey A. Systematic underestimation of association
between serum cholesterol concentration and ischaemic heart disease in observational studies:
datafrom the BUPA study. BMJ 1994;308:363-6.

Law MR, Wald NJ, Thompson SG. By how much and how quickly does reduction in serum
cholesterol concentration lower risk of ischaemic heart disease?BMJ 1994;308:367-72.

137



33.

35.

36.

37.

38.

39.

41.

42.

47.

49,

Randomised trial of cholesterol lowering in 4444 patients with coronary heart disease: the
Scandinavian Simvastatin Survival Study (4S). Lancet 1994;344:1383-9.

Pignone M, Phillips C, Mulrow C. Use of lipid lowering drugs for primary prevention of
coronary heart disease: meta-analysis of randomised trials.BMJ 2000;321:983- 6.

Law M,.Wald N. Why heart disease mortality islow in France: the time lag explanation.BMJ
1999;318:1471-6.

Nguyen TT, Ellefson RD, Hodge DO, Bailey KR, Kottke TE, Abu-Lebdeh HS. Predictive
value of electrophoretically detected lipoprotein(a) for coronary heart disease and
cerebrovascular disease in acommunity-based cohort of 9936 men and women. Circulation
1997;96:1390-7.

Bielicki JK,.OdaMN. Apolipoprotein A-1(Milano) and apolipoprotein A-I(Paris) exhibit an
antioxidant activity distinct from that of wild-type apolipoprotein A-1. Biochemistry
2002;41:2089-96.

Walldius G, Jungner I, Holme, Aastveit AH, Kolar W, Steiner E. High apolipoprotein B, low
apolipoprotein A -1, and improvement in the prediction of fatal myocardial infarction
(AMORIS study): aprospective study. Lancet 2001;358:2026-33.

Bass KM, Newschaffer CJ, Klag MJ, Bush TL. Plasmallipoprotein levels as predictors of
cardiovascular death in women. Arch.Intern.Med. 1993;153:2209-16.

Gaziano JM, Hennekens CH, O'Donnell CJ, Breslow JL, Buring JE. Fasting triglycerides,
high-density lipoprotein, and risk of myocardia infarction. Circulation 1997;96:2520-5.

Assmann G. Pro and con: high-density lipoprotein, triglycerides, and other lipid subfractions
are the future of lipid management. Am.J.Cardiol. 2001;87:2B-7B.

Wilson PW, D'Agostino RB, Levy D, Belanger AM, Silbershatz H, Kannel WB. Prediction of
coronary heart disease using risk factor categories. Circulation 1998; 97:1837-47.

DeFronzo RA,.Ferrannini E. Insulin resistance. A multifaceted syndrome responsible for
NIDDM, obesity, hypertension, dyslipidemia, and atherosclerotic cardiovascular disease.
Diabetes Care 1991;14:173-94.

Kannel WB. Lipids, diabetes, and coronary heart disease: insights from the Framingham
Study. Am.Heart J. 1985;110:1100-7.

Bonow RO, Bohannon N, Hazzard W. Risk stratification in coronary artery disease and
specia populations. Am.J.Med. 1996;101:4A17S 22S.

ADA Consensus Panel. Role of cardiovascular risk factorsin prevention and treatment of
macrovascular disease in diabetes. Diabetes. 1993;2:434-44.

Wingard DL, Barrett -Connor EL, Scheidt-Nave C, McPhillips JB. Prevalence of
cardiovascular and renal complicationsin older adults with normal or impaired glucose
tolerance or NIDDM. A population-based study. Diabetes Care 1993;16:1022-5.

Erens B, Primatesta P. Health Survey for England. Cardiovascular Disease '98. London:
Stationery Office, 1999,

Larsson B, Bengtsson C, Bjorntorp P, Lapidus L, Sostrom L, Svardsudd K et al . Isabdominal
body fat distribution a major explanation for the sex difference in the incidence of myocardial

138



50.

51.

52.

53.

55.

56.

57.

58.

59.

60.

61.

62.

63.

infarction? The study of men born in 1913 and the study of women, Goteborg, Sweden.
Am.J.Epidemiol. 1992;135:266-73.

Willett WC, Manson JE, Stampfer MJ, Colditz GA, Rosner B, Speizer FE et al. Weight,
weight change, and coronary heart disease in women. Risk within the 'normal’ weight range.
JAMA 1995;273:461-5.

Manson JE, Colditz GA, Stampfer MJ, Willett WC, Rosner B, MonsonRR etal. A
prospective study of obesity and risk of coronary heart diseasein women. N.Engl.J.Med.
1990; 322:882-9.

Berlin JA,.Colditz GA. A meta-analysis of physical activity in the prevention of coronary
heart disease. Am.J.Epidemiol. 1990; 132:612-28.

Shaper AG,.Wannamethee G. Physical activity and ischaemic heart disease in middle-aged
British men. Br Heart J 1991;66:384-94.

Wannamethee SG, Shaper AG, Walker M. Changesin physical activity, mortality, and
incidence of coronary heart disease in older men. Lancet 1998; 351:1603-8.

Marmot M. Aetiology of coronary heart disease.BMJ 2001; 323:1261-2.

Morris N, Clayton DG, Everitt MG, Semmence AM, Burgess EH. Exercisein leisuretime;
coronary attack and death rates. Br.Heart J. 1990;63:325-34.

United States Department of Health and Human Services. Physical Activity and Health: A
report of Surgeon General . Atlanta: 1996.

Stampfer MJ, Colditz GA, Willett WC, Speizer FE, Hennekens CH. A praspective study of
moderate a cohol consumption and the risk of coronary disease and stroke in women.
N.Engl.J.Med. 1988;319:267-73.

Shaper AG, Wannamethee G, Walker M. Alcohol and coronary heart disease: a perspective
from the British Regional Heart Study. Int J Epidemiol. 1994; 23:482-94.

Goldberg 13, MoscalL, Piano MR, Fisher EA. AHA Science Advisory: Wine and your heart: a
science advisory for healthcare professionals from the Nutrition Committee, Council on
Epidemiology and Prevention, and Council on Cardiovascular Nursing of the American Heart
Association. Circulation 2001;103:472-5.

Klatsky AL, Armstrong MA, Friedman GD. Red wine, white wine, liquor, beer, and risk for
coronary artery disease hospitaization. Am.J.Cardiol. 1997;80:416-20.

Brouwer 1A, van Dusseldorp M, West CE, Meyboom S, Thomas CM, Duran M et al. Dietary
folate from vegetables and citrus fruit decreases plasma homocysteine concentrationsin
humansin adietary controlled trial. J.Nutr. 1999; 129:1135-9.

Grundy SM, Balady GJ, Criqui MH, Fletcher G, Greenland P, Hiratzka LF et al. Primary
prevention of coronary heart disease: guidance from Framingham: a statement for healthcare
professionals from the AHA Task Force on Risk Reduction. American Heart Association.
Circulation 1998;97:1876-87.

Clarke R, Daly L, Robinson K, Naughten E, Cahalane S, Fowler B etal.

Hyperhomocysteinemia: an independent risk factor for vascular disease. N.Engl.J.Med.
1991;324:1149-55.

139



65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

Whincup PH, Refsum H, Perry |1, Morris R,Walker M, Lennon Let al. Serum total
homocysteine and coronary heart disease: prospective study in middle aged men. Heart
1999;82:448-54.

Ford ES, Smith SJ, Stroup DF, Steinberg KK, Mueller PW, Thacker SB. Homocyst(e)ine and
cardiovascular disease: asystematic review of the evidence with special emphasis on case-
control studiesand nested case-control studies. Int J.Epidemiol. 2002; 31:59-70.

Asplund K. Antioxidant vitaminsin the prevention of cardiovascular disease: asystematic
review. J.Intern.Med. 2002; 251:372-92.

Ness AR,.Powles JW. Fruit and vegetables, and cardiovascular disease: areview. Int
J.Epidemiol. 1997; 26:1-13.

Lonn EM,.Yusuf S. Isthere arole for antioxidant vitaminsin the prevention of cardiovascular
diseases? An update on epidemiological and clinical trials data. Can.J.Cardiol. 1997; 13:957-
65.

Department of Health. Nutritional Aspects of Cardiovascular Disease. Report of the
Cardiovascular Review Group of the Committee on Medical Aspects of Food Policy. 1994.
London, HMSO.

A Report of joint WHO/FAO Expert Consultation. Diet, Nutrition, and the Prevention of
Chronic Diseases. 2003. Geneva, World Health Organization. Technical Report Series 916.

Law MR,.Morris K. By how much does fruit and vegetable consumption reduce the risk of
ischaemic heart disease? Eur.J.Clin.Nutr. 1998;52:549-56.

Khaw KT, Bingham S, Welch A, Luben R, Wareham N, Oakes Set al . Relation between
plasma ascorbic acid and mortality in men and women in EPIC- Norfolk prospective study: a
prospective population study. European Prospective Investigation into Cancer and Nutrition.
Lancet 2001;357:657-63.

Danesh J, Collins R, Appleby P, Peto R. Association of fibrinogen, Greactive protein,
albumin, or leukocyte count with coronary heart disease: meta-analyses of prospective studies.
JAMA 1998;279:1477-82.

Folsom AR. Hemostatic risk factors for atherothrombotic disease: an epidemiologic view.
Thromb.Haemost. 2001;86:366-73.

Catto AJ, Carter AM, Barrett JH, Bamford J, Rice PJ, Grant PJ. von Willebrand factor and
factor VIII; Cin acute cerebrovascular disease. Relationship to stroke subtype and mortality.
Thromb.Haemost. 1997;77:1104-8.

Folsom AR, Wu KK, Rosamond WD, Sharrett AR, Chambless LE. Prospective study of
hemostatic factors and incidence of coronary heart disease: the AtherosclerosisRisk in
Communities (ARIC) Study. Circulation 1997;96:1102-8.

Meade TW. Cardiovascular disease-linking pathology and epidemiology. Int J.Epidemiol.
2001;30:1179-83.

McCarron PG, Smith GD, Womerdley JJ. Deprivation and mortality in Glasgow: changes
from 1980 to 1992. BMJ 1994;309:1481-2.

Smith GD, Hart C, Blane D, Gillis C, Hawthorne V. Lifetime socioeconomic position and
mortality: prospective observational study. BMJ 1997;314:547-52.

140



8l

82.

83.

85.

86.

87.

88.

89.

90.

91.

92.

93.

95.

96.

97.

Department of Health. Tackling Health Inequalities 2002 Cross-Cutting Review. 2002.
London, H M Treasury.

Acheson D. Independent inquiry into inequalities in health report. 1998. London, The
Stationery Office.

Capewell S, Macintyre K, Stewart S, Chalmers W, Boyd J, Finlayson A et al. Age, sex, and
socia trendsin out -of-hospital cardiac deaths in Scotland 1986-95: a retrospective cohort
study. Lancet 2001;358:1213-7.

Smith GD, Hart C, Blane D, Hole D. Adverse socioeconomic conditions in childhood and
cause specific adult mortality: prospective observational study. BMJ 1998;316:1631-5.

Smith GD, McCarron P, OkashaM, McEwen J. Social circumstancesin childhood and
cardiovascular diseasemortality: prospective observationa study of Glasgow University
students. J.Epidemiol.Community Health 2001;55:340-1.

Barker DJ,.Fal CH. Fetal and infant origins of cardiovascular disease. Arch.Dis.Child
1993;68:797-9.

Barker DJ. Fetal origins of coronary heart disease. BMJ 1995; 311:171-4.

Osmond C, Barker DJ, Winter PD, Fall CH, Simmonds SJ. Early growth and death from
cardiovascular disease in women. BMJ 1993;307:1519-24.

Fall CH, Vijayakumar M, Barker DJ, Osmond C, Duggleby S. Weight in infancy and
prevalence of coronary heart disease in adult life. BMJ 1995; 310:17-9.

Barker DJ, Forsen T, Uutela A, Osmond C, Eriksson JG. Size at birth and resilience to effects
of poor living conditionsin adult life: longitudinal study. BMJ 2001;323:1273-6.

Bhopa R. What istherisk of coronary heart disease in South Asians? A review of UK
research. J.Public Health Med. 2000; 22:375-85.

The Report of Expert Panel, National Cholesterol Education Program: Report of the National
Cholesterol Education Program Expert Panel on detection, evaluation and treatment of high
blood cholesterol in adults. Arch Intern Med 1998;136-48.

NCEP. Second report of the Expert Panel on Detection, Evaluation, and Treatment of High
Blood Cholesterol in Adults (Adult Treatment Panel 11). Circulation 1994;89:1331-445.

Myers RH, Kiely DK, Cupples LA, Kannel WB. Parentd history is an independent risk factor
for coronary artery disease: the Framingham Study. Am.Heart J. 1990;120:963-9.

Wannamethee SG, Shaper AG, Whincup PH, Walker M. Adult height, stroke, and coronary
heart disease. Am J Epidemiol 1998; 148:1069- 76.

Yarnell W, Limb ES, Layzell IM, Baker |A. Height: arisk marker for ischaemic heart
disease: prospective results from the Caerphilly and Speedwell Heart Disease Studies.
European Heart Journal 1992;13:1602-5.

Gunnell D, Whitley E, Upton MN, McConnachie A, Smith GD, Watt GC. Associations of

height, leg length, and lung function with cardiovascular risk factorsin the Midspan Family
Study. J.Epidemiol.Community Health 2003,57:141-6.

141



98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

100.

110.

111

112.

113.

Gunnell DJ, Davey SG, Frankd S, Nanchahal K, Braddon FE, Pemberton Jet al. Childhood
leg length and adult mortality: follow up of the Carnegie (Boyd Orr) Survey of Diet and
Health in Pre-war Britain. J.Epidemiol.Community Health 1998;52:142-52.

Palmer JR, Rosenberg L, Shapiro S. Stature and the risk of myocardia infarction in women.
Am.J.Epidemiol. 1990;132:27-32.

Keavney B. Genetic epidemiological studies of coronary heat disease. Int J.Epidemiol.
2002;31:730-6.

The UK Biobank Project: A study of genes, environment and health .
http://www.ukbiobank.ac.uk/ . 2003.

Assmann G, Cullen P, Schulte H. Simple scoring scheme for calculating the risk of acute
coronary events based on the 10-year follow-up of the prospective cardiovascular Munster
(PROCAM) study. Circulation 2002; 105:310-5.

Tunstall-Pedoe H. The Dundee coronary risk-disk for management of change in risk factors.
BMJ 1991;303:744-7.

Shaper AG, Pocock SJ, Phillips AN, Walker M. Identifying men at high risk of heart attacks:
strategy for use in general practice.Br.Med.J (Clin.Res.Ed) 1986;293:474-9.

Ramsay LE, Haq IU, Jackson PR, Yeo WW. The Sheffield table for primary prevention of
coronary heart disease: corrected. Lancet 1996;348:1251.

Haq |U, Ramsay LE, Yeo WW, Jackson PR, Wallis EJ. Is the Framingham risk function valid
for northern European populations? A comparison of methods for estimating absol ute
coronary risk in high risk men. Heart 1999;81:40-6.

Grundy SM, Pasternak R, Greenland P, Smith S Jr, Fuster V. Assessment of cardiovascular
risk by use of multiple-risk-factor assessment equations. a statement for healthcare
professionals from the American Heart Association and the American College of Cardiology.
Circulation 1999;100:1481-92.

Marshall T,.Rouse A. Resource implications and health benefits of primary prevention
strategies for cardiovascular disease in people aged 30 to 74: mathematical modelling study.
BMJ 2002;325:197.

The Sxth Report of the Joint National Committee on Prevention, Detection, Evaluation, and
Treatment of High Blood Pressure. Bethesda: National Institutes of Health, National Heart,

Lung, and Blood Ingtitute, 1997.

American Diabetes Association. Clinical practice recommendations. Diabetes Care
1999; 22(suppl 1):S1-S114.

Prevention of coronary heart disease in clinical practice. Recommendations of the Second
Joint Task Force of European and other Societies on coronary prevention. Eur.Heart J.
1998;19:1434-503.

Elmer PJ, Grimm R, J., Laing B, Grandits G, Svendsen K, Van Hedl Net al. Lifestyle
intervention: results of the Treatment of Mild Hypertension Study (TOMHS). Prev.Med.
1995; 24:378-88.

Vartiainen E, Puska P, Jousilahti P, Korhonen HJ. Cardiovascular diseases and risk factorsin
Finland. Prev.Med. 1999;29:5124-S129.

142



114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

Stamler J, Fortmann SP, Levy RI, Prineas RJ, Tell G. Primordial prevention of cardiovascular
diseaserisk factors: panel summary. Prev.Med. 1999; 29:S130-S135.

Beaglehole R,.Magnus P. The search for new risk factors for coronary heart disease:
occupational therapy for epidemiologists? Int J.Epidemiol. 2002, 31:1117-22.

Joosens L. The effectiveness of banning advertising for tobacco products. International Union
Against Cancer . 1997.

Dobson AJ, Kuulasmaa K, Moltchanov V, Evans A, Fortmann SP, Jamrozik K et al . Changes
in cigarette smoking among adults in 35 populations in the mid- 1980s. WHO MONICA
Project. Tob.Control 1998;7:14-21

Centers for Disease Control and Prevention. Smoking Prevalence Among U.S. Adults.
http://www.cdc.gov/tobacco/research data/adults prev/prevali.htm . 5-6-2003.

Fichtenberg C,.Glantz S. Association of the California Tobacco Control Program with
Declinesin Cigarette Consumption and Mortality from Heart Disease. N Engl J Med
2001;343:1772-7.

Silagy C. Physician advice for smoking cessation. Cochrane Database Syst.Rev.
2000;CD000165.

Hill D. Why we should tackle adult smoking first. Tob.Control 1999;8:333-5.
Schaefer EJ. Lipoproteins, nutrition, and heart disease. Am.J.Clin.Nutr. 2002;75:191-212.

Vartiainen E, Jousilahti P, Alfthan G. Cardiovascular risk factor changesin Finland, 1972
1997. Int J Epidemiol 2000;29:49-56.

Dowse GK, Gareeboo H, Alberti KG, Zimmet P, Tuomilehto J, Purran A e a . Changesin
population cholesterol concentrations and other cardiovascular risk factor levels after five

years of the non-communicable disease intervention programme in Mauritius. Mauritius Non -
communicable Disease Study Group. BMJ 1995;311:1255-9.

Kuulasmaa K, Tunstall PH, Dobson AJ, France M, Sans S, Tolonen H et al. Estimation of
contribution of changesin classic risk factorsto trendsin coronary -event rates acrossthe
WHO MONICA Project. Lancet 2000;355:675-87.

Jurgens G,.Graudal NA. Effects of low sodium det versus high sodium diet on blood pressure,
renin, aldosterone, catecholamines, cholesterols, and triglyceride. Cochrane Database

Syst.Rev. 2003;CD004022.

Gueyffier F, Boutitie F, Boissel JP, Pocock S, Coope J, Cutler Jet al. Effect of
antihypertensive drug treatment on cardiovascular outcomesin women and men. A meta
analysisof individua patient data from randomized, controlled trials. The INDANA
Investigators. Ann.Intern.Med. 1997;126:761-7.

Scottish Intercollegiate Guidelines Network (SIGN). Hypertension in older people. 49. 2001.
Edinburgh, SIGN.

Berlowitz DR, Ash AS, Hickey EC, Friedman RH, Glickman M, Kader B et al . Inadequate

management of blood pressurein ahypertensive population. N.Engl.JMed. 1998;339:1957-
63.

143



130.

131

132.

133.

134.

135.

136.

137.

138.

130.

140.

141.

142.

143.

144,

145,

Primatesta P, Brookes M, Poulter NR. Improved hypertension management and control:
results from the health survey for England 1998. Hypertension 2001, 38:827-32.

Joint British recommendations on prevention of coronary heart diseasein clinica practice.
British Cardiac Society, British Hyperlipidaemia Association, British Hypertension Society,
endorsed by the British Diabetic Association. Heart 1998;80 Suppl 2:S1-29.

Haq IU, Jackson PR, Y eo WW, Ramsay LE. Sheffield risk and treatment table for chol esterol
lowering for primary prevention of coronary heart disease. Lancet 1995;346:1467-71.

Prevention of coronary heart diseasein clinical practice. Recommendations of the Second
Joint Task Force of European and other Societies on coronary prevention. Eur.Heart J.
1998;19:1434-503.

Chobanian AV, BakrisGL, Black HR, Cushman WC, Green LA, Izzo JL, J. etal. The
Seventh Report of the Joint National Committee on Prevention, Detection, Evaluation, and
Treatment of High Blood Pressure; the INC 7 report. JAMA 2003;289:2560- 72.

Stamler J, Caggiula AW, Grandits GA. Relation of body mass and alcohol, nutrient, fiber, and
caffeineintakes to blood pressure in the special intervention and usual care groupsin the
Multiple Risk Factor Intervention Trial. Am.J Clin.Nutr. 1997;65:338S-65S.

Brand MB, Mulrow CD, Chiquette E, Angel L, Cornel J, and Summerbell C. Dieting to
control body weight for controlling hypertension in adults (Cochrane review). (3). 1999.
Oxford, The Cochrane library.

1999 World Health Organization-International Society of Hypertension Guidelines for the
Management of Hypertension. Guidelines Subcommittee. J Hypertens. 1999; 17:151-83.

Glenny AM, O'Meara S, Melville A, Sheldon TA, Wilson C. The treatment and prevention of
obesity: asystematic review of theliterature. Int.J.Obes.Relat Metab Disord. 1997;21:715-37.

Thorogood, M., Hillsdon, M, and Summerbell, C. Clinical evidence.
http://www.clinicalevidence.com/IpBinCE/I pext.dil 2f=templates& fn=main-h.ntm& 2.0 . 29-5-
2003.

Murphy M, Foster C, Sudlow C, Nicholas J, Mulrow C, Ness A. Cardiovascular
disorders:Primary prevention. Clinical Evidence 2003.

Kahn EB, Ramsey LT, Brownson RC, Heath GW, Howze EH, Powell KE et a . The
effectiveness of interventionsto increase physical activity. A systematic review.
Am.J.Prev.Med. 2002; 22:73-107.

Hillsdon M,.Thorogood M. A systematic review of physica activity promotion strategies.
Br.J.Sorts Med. 1996;30:84-9.

Capewell S, Livingston BM, Maclntyre K, et a. Trendsin casefatality in 117 718 patients
admitted with acute myocardial infarction in Scotland. Eur.Heart J. 2000;21:1833-40.

Macintyre K, Capewell S, Stewart S, Chalmers JW, et a. Evidence of improving prognosisin
heart failure. Trends in case fatality in 66 547 patients hospitalized between 1986 and 1995.
Circulation 2000;102:1126-3L

Erhardt L, Herlitz J, Bossaert L, Hdinen M, Keltai M, Koster R et al . Task force on the
management of chest pain. Eur.Heart J.2002;23:1153-76.

144



146.

147.

148.

149.

150.

151

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

OTooleL,.Grech ED. Chronic stable angina: treatment options. BMJ 2003;326:1185-8.

Grech ED,.Ramsdale DR. Acute coronary syndrome: unstable angina and non-ST segment
elevation myocardial infarction. BMJ 2003;326:1259-61.

Department of Health. National Service Framework for Coronary Heart Disease. 2000.
Department of Health: London, http://www.doh.gov.uk/pdfs/chdnsf.pdf . 12-9-2003.

NHS Centrefor Reviews and Dissemination. Management of stable angina. Effective Health
Care Bulletin 1997;3:1-8.

Grech ED. ABC of interventiona cardiology: percutaneous coronary intervention. 1: the
procedure. BMJ 2003;326:1137-40.

Coronary angioplasty versus medical therapy for angina: the second Randomised Intervention
Treatment of Angina (RITA -2) trid. RITA -2 trial participants. Lancet 1997; 350:461-8.

Pocock SJ, Henderson RA, Rickards AF, Hampton JR, King SB, 11, Hamm CW et al . Meta-
analysis of randomised trials comparing coronary angioplasty with bypass surgery. Lancet
1995; 346:1184-9.

Van de WF, Ardissino D, Betriu A, Cokkinos DV, Falk E, Fox KA e a . Management of
acute myocardial infarction in patients presenting with ST -segment elevation. The Task Force
on the Management of Acute Myocardial Infarction of the European Society of Cardiology.
Eur.Heart J. 2003;24:28-66.

DaviesMJ. The pathophysiology of acute coronary syndromes. Heart 2000; 83:361-6.

Tunstall-Pedoe H, Vanuzzo D, Hobbs M, Mahonen M, Cepaitis Z, KuulasmaaK et al.
Estimation of contribution of changes in coronary care to improving survival, event rates, and
coronary heart disease mortality acrossthe WHO MONICA Project populations [see
comments]. Lancet 2000;355:688-700.

Tunstall-Pedoe H, Kuulasmaa K, Mahonen M, Tolonen H, Ruokokoski E, Amouyel P.
Contribution of trendsin survival and coronary -event ratesto changes in coronary heart
disease mortality: 10-year results from 37 WHO MONICA project populations. Monitoring
trends and determinants in cardiovascul ar disease. Lancet 1999; 353:1547-57.

Norris RM. Fatality outside hospital from acute coronary eventsin three British health
districts, 1994-5. United Kingdom Heart Attack Study Collaborative Group.BMJ
1998; 316:1065-70.

Priori SG, Aliot E, Blomstrom-Lundqvist C, Bossaert L, Breithardt G, Brugada Pet a . Task
Force on Sudden Cardiac Death of the European Society of Cardiology. Eur.Heart J.
2001;22:1374-450.

Julian DG,.Norris RM. Myocardia infarction: is evidence-based medicine the best? Lancet
2002;359:1515-6.

Collaborative meta-analysis of randomised trials of antiplatel et therapy for prevention of
death, myocardial infarction, and stroke in high risk patients. BMJ 2002;324:71-86.

White HD. Thrombolytic therapy in the elderly. Lancet 2000; 356:2028-30.

145



162.

163.

164.

165.

166.

167.

168.

169.

170.

171

172.

173.

174.

175.

176.

177.

LeeKL, Woodlief LH, Topol EJ, Weaver WD, Betriu A, Col Jet al. Predictors of 30-day
mortality in the era of reperfusion for acute myocardial infarction. Results from an
international trial of 41,021 patients. GUSTO-I Investigators. Circulation 1995;91:1659-68.

Baigent C, Collins R, Appleby P, Parish S, Sleight P, Peto R. |SIS2: 10 year survival among
patients with suspected acute myocardia infarction in randomised comparison of intravenous
streptokinase, oral aspirin, both, or neither. The 1SIS-2 (Second International Study of Infarct
Survival) Collaborative Group. BMJ 1998;316:1337-43.

Cucherat M, Bonnefoy E, Tremeau G. Primary angioplasty versus intravenous thrombolysis
for acute myocardial infarction. Cochrane.Database.Syst.Rev. 2000;CD001560.

Latini R, Maggioni AP, Flather M, Sleight P, Tognoni G. ACE inhibitor use in patients

with myocardial infarction;: Summary of evidence from clinical trials. Circulation
1995;92:3132-7.

Freemantle N, Cleland J, Y oung P, Mason J, Harrison J. beta Blockade after myocardial
infarction: systematic review and meta regression analysis. BMJ 1999;318:1730-7.

Flather MD, Yusuf S, Kober L, Pfeffer M, Hall A, Murray G e a . Long-term ACE-inhibitor
therapy in patients with heart failure or left - ventricular dysfunction: a systematic overview of
datafrom individual patients. ACE-Inhibitor Myocardia Infarction Collaborative Group.
Lancet 2000;355:1575-81.

Scottish Intercollegiate Guidelines Network (SIGN). Cardiac rehabilitation. (SIGN publication
no. 57). 2002. Edinburgh, SIGN.

Canadian Association of Cardiac Rehabilitation. Canadian guidelines for cardiac
rehabilitation and cardiovascular disease prevention. 1st ed. 1999. Winnipeg, The
Association.

GohlkeH,.Gohlke-Barwolf C. Cardiac rehabilitation. Eur.Heart J. 1998;19:1004-10.

Jolliffe JA, Rees K, Taylor RS, Thompson D, Oldridge N, Ebrahim S. Exercise-based
rehabilitation for coronary heart disease. Cochrane Database Syst.Rev. 2002;CD001800.

Ades PA. Cardiac rehabilitation and secondary prevention of coronary heart disease. N.Engl.J
Med. 2001; 345:892-902.

Remme WJ,.Swedberg K. Guidelines for the diagnosis and treatment of chronic heart failure.
Eur.Heart J. 2001; 22:1527-60.

Fox KF, Cowie MR, Wood DA, Coats AJ, Gibbs JS, Underwood SR et al. Coronary artery
disease asthe cause of incident heart failurein the population. Eur.Heart J. 2001;22:228-36.

Mair FS, Crowley TS, Bundred PE. Prevaence, agtiology and management of heart failure in
general practice. Br.J.Gen.Pract. 1996;46:77-9.

Pitt B, Zannad F, Remme WJ, Cody R, Castaigne A, Perez A et al. The effect of
spironolactone on morbidity and mortality in patients with severe heart failure. Randomized
Aldactone Evaluation Study Investigators. N.Engl.J.Med. 1999;341:709-17.

ShibataMC, Flather MD, Wang D. Systematic review of theimpact of beta blockers on
mortality and hospita admissions in heart failure. Eur.J.Heart Fail.2001;3:351- 7.

146



178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

191

192.

193.

194.

delLorgeril M, Salen P, Martin JL, Mamelle N, Monjaud |, Touboul Pet al . Effect of a
mediterranean type of diet on the rate of cardiovascular complications in patients with
coronary artery disease. Insightsinto the cardioprotective effect of certain nutriments. J
Am.Coll.Cardiol. 1996; 28:1103-8.

Burr ML, Fehily AM, Gilbert JF, Rogers S, Holliday RM, Sweetnam PM et al . Effects of
changesin fat, fish, and fibre intakes on death and myocardid reinfarction: diet and
reinfarction trial (DART). Lancet 1989;2:757-61.

WHO. The World Hedlth Report 2002. 2002. Geneva, WHO/ OMS.

Saito |, Folsom AR, Aono H, OzawaH, Ikebe T, Yamashita T. Comparison of fatal coronary
heart disease occurrence based on population surveys in Japan and the USA. Int J Epidemiol
2000;29:837-44.

Nuttens MC, Salomez JL, Tillard B, Richard JL, Pons E, Huart Jet al . [Vdidity of death
certificatesin the study of ischemic heart diseases]. Presse Med. 1990;19:1143-6.

Lloyd-Jones DM, Martin DO, Larson MG, Levy D. Accuracy of death certificates for coding
coronary heart disease as the cause of death. Ann.Intern.Med 1998; 129:1020-6.

Jackson R, Stewart A, Beaglehole R. Trends in coronary heart disease mortality and morbidity
in Auckland, New Zealand, 1974-1986. Int J Epidemiol 1990; 19:279-83.

Tunstall PH, Kuulasmaa K, Amouyel P, Arveiler D, Rgakangas AM, Pajak A. Myocardial
infarction and coronary deaths in the World Health Organization MONICA Project.
Registration procedures, event rates, and casefataity ratesin 38 populations from 21
countriesin four continents. Circulation 1994; 90:583-612.

KeysA, Menotti A, Aravanis C, Blackburn H, Djordevic BS, BuzinaR et al. The seven
countries study: 2,289 deaths in 15 years. Prev.Med. 1984;13:141-54.

Dobson A, Filipiak B, Kuulasmaa K, Beaglehole R, Stewart A, Hobbs M et al . Relations of
changesin coronary disease rates and changes in risk factor levels. methodological issues and
apractical example. AmJEpidemiol 1996;143:1025-34.

Rose G. The Strategy of Preventive Medicine. Oxford: Oxford University Press, 1992.

Thom TJ, Epstein FH, Feldman JJ, Leaverton PE. Trendsin total mortality and mortality from
heart disease in 26 countries from 1950 to 1978. Int.J.Epidemiol. 1985;14:510-20.

Fuster V. Epidemic of cardiovascular disease and stroke: The three main challenges.
Circulation 1999;99:1132-7.

Nieto FJ. Cardiovascular disease and risk factor epidemiology: alook back at the epidemic of
the 20th century. Am.J.Public Health 1999; 89:292-4.

Vartiainen E, Puska P, Pekkanen J, Tuomilehto J, Jousilahti P. Changes in risk factors explain
changes in mortality from ischaemic heart disease in Finland. BMJ 1994; 309:23-7.

Goldman L,.Cook E. The decline inischemic heart disease mortality rates. An analysis of the
comparative effects of medical interventions and changes in lifestyle. Ann.Intern.Med.
1984;101:825-36.

Beaglehole R. Medical management and the decline in mortality from coronary heart disease.
BMJ 1986;292:33-5.

147



195.

196.

197.

198.

190.

200.

201.

202.

203.

204.

205.

206.

207.

208.

209.

210.

211.

212.

ONSOffice for National Statistics. Population:Age and sex, 1971 onwards. Health Satistics
Quarterly 2001;11.

Department of Health. NHS Hospital in-patient data for the period 1999-2000 based on
Hospital Episode Stetistics (HES). http://www.doh.gov.uk/hes/index.html . 17-2-2003.

Society of Cardiothoracic Surgeons of Great Britain and Ireland. Trendsin Surgery for
Ischaemic Heart Disease. http://www.scts.org/doc/2102 . 20-2-0003.

de Belder, M. British Cardiac Intervention Society (BCIS) audit returns of interventional
procedures 2000. http://www.bcis.org.uk/audit/Bcis00.ppt . 17-2-2003.

Colhoum H, Prescott-Clark P. Health Survey for England 1994. London: HM SO, 1996.

ONSOffice for National Statistics Social Survey Division. Living in Britain:Results from the
2000/01 General Household Survey. London: The Stationery Office, 2001.

Office for National Statistics. Key Health Statistics from General Practice 1998. 2000.
London, National Statistics. MB6 No.2.

Department of Health. Hospital Episode Statistics. Figures for 1995-96. 1-1-1999.

Petersen, S., Rayner, M., and Press, V. Coronary heart disease statistics. Press, V. 2000.
London, British Heart Foundation.

Stewart S, Murphy N, Walker A, McGuire A, McMurray JJ. The current cost of angina
pectoristo the National Health Service in the UK. Heart 2003;89:848-53.

LiuJL, ManiadakisN, Gray A, Rayner M. The economic burden of coronary heart diseasein
the UK. Heart 2002;88:597-603.

Unal B, Critchley J, Capewell S. Missing, mediocre, or merely obsolete? An evaluation of
UK data sourcesfor coronary heart disease. J Epidemiol Community Health 2003; 57:530-
5.

Box GEP, Hunter WG, Hunter SJ. Satisticsfor Experimenters. New Y ork: John Wiley &
Sons Inc, 1978.

Hersh AL, Black WC, Tosteson AN. Estimating the population impact of an intervention: a
decision-analytic approach. Sat.MethodsMed.Res. 1999;8:311-30.

Rittenhouse, B. Uses of Modelsin Economic Evaluations of Medicines and other Health
Technologies. ISBN 1 899040 00X, 7. 10-1-1996. London, BSC Print Ltd.

Wolfson MC. POHEM - aframework for understanding and modelling the health of human
populations. World Health Sat.Q. 1994; 47:157-76.

Anderson RM. Therole of mathematical modelsin the study of HIV transmission and the
epidemiology of AIDS. Journal of Acquired Immune Deficiency Syndromes. 1988;1:241-56.

Cchen CH,.Valeron AJ. When did bovine spongioform encephal opathy (BSE) start?
Implications on the prediction of anew variant of Creuzfeldt-Jacob disease (nvCJID) epidemic.
Int J Epidemiol 1999;526-31.

148



213.

214.

215.

216.

217.

218.

219.

220.

221.

222.

223.

224,

225,

226.

227.

228.

229

US Environmental Protection Agency. Requirements for preparation, adoption, and submittal
of implementation plans: Final rule. 1996.

Fawcett W,.OliveiraCS. Casualty treatment after earthquake disasters: development of a
regional smulation model. Disasters. 2000;24:271-87.

Weinstein MC, Toy EL, Sandberg EA, Neumann PJ, Evans JS, Kuntz KM et al. Modeling for
health care and other policy decisions: uses, roles, and validity. Value Health 2001; 4:348-61.

Weinstein MC, O'Brien B, Hornberger J, Jackson J, Johannesson M, McCabe Cet al .

Principles of good practice for decision analytic modeling in health-care eval uation: report of
the ISPOR Task Force on Good Research Practices-Modeling Studies. Value Health 2003;6:9-
17.

Davies R, Roderick P, Raftery J. The evauation of disease prevention and treatment using
simulation models. European Journal of Operational Research 2003;150:53-66.

Mandelblatt JS, Fryback DG, Weinstein MC, Russell LB, Gold MR. Assessing the
effectiveness of hedlth interventions for cost-effectiveness anaysis. Panel on Cost-
Effectivenessin Health and Medicine. J Gen.Intern.Med. 1997;12:551-8.

Weinstein MC. Methodologic issuesin policy modeling for cardiovascular disease.
J.Am.Coll.Cardiol. 1989;14:38A -43A.

Halpern MT, Luce BR, Brown RE, Geneste B. Health and economic outcomes modelling
practices: A suggested framework. Value in Health 1998;1:131-47.

Sonnenberg FA, RobertsM S, Tsevat J, Wong JB, Barry M, Kent DL. Toward a peer review
process for medical decision analysis models. Med.Care 1994;32:J552-JS64.

Weinstein MC, Coxson PG, Williams LW, Pass TM, Stason WB, Goldman L. Forecasting
coronary heart disease incidence, mortality, and cost: the Coronary Heart Disease Policy
Model. Am.J.Public Health 1987;77:1417-26.

Mui S-L. Projecting coronary heart disease incidence and cost in Australia: Results from the
Incidence module of the Cardiovascular Disease Policy Model. Australian and New Zealand
Journal of Public Health, Vol 23(1) (pp 11-19), 1999.

Cooper K, DaviesR, Roderick P, Chase D, Raftery J. The development of asimulation model
of the treatment of coronary heart disease. Health Care Manag.Sci. 2002;5:259-67.

Gunning-Schepers LJ. The health benefits of prevention - asimulation approach. Health
Policy 1989;12:1- 256.

Edwards JS, Finlay PN, Wilson JM. Therole of OR specialist in 'do it yourself' spreadsheet
development. European Journal of Operational Research 2000;127:17-27.

Cragg. Spreadsheet modelling abuse: An opportunity for OR? Journal of the Operational
Reserach Society 1993;44:743-52.

Murray CJ,.Lopez AD. Mortality by cause for eight regions of the world: Global Burden of
Disease Study. Lancet 1997;349:1269-76.

Nuijten MJ. The selection of data sources for use in modelling studies. Pharmacoeconomics.
1998;13:305-16.

149



230.

231

232.

233.

234.

235.

236.

237.

238.

239.

240.

241

242,

243.

244,

Buxton MJ, Drummond MF, Van Hout BA, Prince RL, Sheldon TA, Szucs T e a. Modelling
in economic evaluation: an unavoidable fact of life. Health Econ. 1997;6:217-27.

Briggs A, Sculpher M, Buxton M. Uncertainty in the economic evaluation of health care
technologies: the role of sensitivity analysis. Health Economics 1994; 3:95-104.

Pauker SG,.Kassirer JP. The threshold approach to clinical decision making. N.Engl.J.Med.
1980;302:1109-17.

Hunink MG, Goldman L, Tosteson AN, Mittleman MA, Goldman PA, Williams LW etal.
The recent declinein mortality from coronary heart disease, 1980-1990. The effect of secular
trendsin risk factors and treatment. JAMA 1997; 277:535-42.

Grover SA, Abrahamowicz M, Joseph L, Brewer C, Coupal L, Suissa S. The benefits of
treating hyperlipidemiato prevent coronary heart disease. Estimating changesin life
expectancy and morbidity. JAMA 1992;267:816-22.

Glick H, Heyse JF, Thompson D, Epstein RS, Smith ME Oster G. A model for evaluating the
cost-effectivenessof cholesterol -lowering treatment. I nt.J. Technol .Assess.Health Care
1992;8:719-34.

Randall T, Muir J, Mant D. Choosing the preventive workload in general practice:practical
application of the Coronary Prevention Group Guidelines and Dundee Coronary Risk-disk.

British Medical Journal 1992;305:232.

Goldman L, Phillips KA, Coxson P, Goldman PA, Williams L, Hunink MGet al . The effect
of risk factor reductions between 1981 and 1990 on coronary heart disease incidence,
prevalence, mortality and cost. J.Am.Coll.Cardiol. 2001; 38:1012-7.

Tsevat J, Weinstein MC, Williams LW, Tosteson AN, Goldman L. Expected gainsin life

expectancy from various coronary heart disease risk factor modifications. Circulation
1991;83:1194-201.

Goldman L, Weinstein MC, Goldman PA, Williams LW. Cost-effectiveness of HM G-CoA
reductase inhibition for primary and secondary prevention of coronary heart disease. JAMA
1991;265:1145-51

Phillips KA, Shlipak MG, Coxson P, Heidenreich PA, Hunink MG, Goldman PA e d . Hedlth
and economic benefits of increased beta-blocker use following myocardial
infarction.[comment]. JAMA 2000; 284:2748-54.

Gaspoz M, Coxson PG, Goldman PA, Williams LW, Kuntz KM, Hunink M Get al. Cost
effectiveness of aspirin, clopidogrel, or both for secondary prevention of coronary heart
disease.[comment]. New England Journal of Medicine 2002; 346:1800-6.

Prosser LA, Stinnett AA, Goldman PA, Williams LW, Hunink MG, Goldman L et al. Cost-
effectiveness of cholesterol-lowering therapies according to selected patient characteristics.
Ann.Intern.Med. 2000; 132:769-79.

Tosteson AN, Weinstein MC, Hunink MG, Mittleman MA, Williams LW, Goldman PA et al.

Cost-effectiveness of populationwide educational approaches to reduce serum cholesterol
levels. Circulation 1997;95:24-30.

Babad H, Sanderson C, Naidoo B, White I, Wang D. The development of a simulation model

of primary prevention strategies for coronary heart disease. Health Care Management Science
2002;5:269-74.

150



245,

246.

247.

248.

249,

250.

251.

252,

253.

254.

255,

256.

257.

258.

259.

260.

Murray CJ,.Lopez AD. Alternative projections of mortality and disability by cause 1990-2020:
Global Burden of Disease Study. Lancet 1997;349:1498-504.

Murray CJ,.Lopez AD. Global mortdlity, disability, and the contribution of risk factors:
Global Burden of Disease Study. Lancet 1997;349:1436-42.

Grover SA, Ho V, Lavoie F, Coupal L, Zowall H, Pilote L. The importance of indirect costsin
primary cardiovascular disease prevention: can we save lives and money with statins?
Archives of | nternal Medicine 2003;163:333-9.

Unal B, Critchley J, Capewell S. Explaining the declinein coronary heart disease mortality in
England and Wales, 1981-2000. Circulation 2003; (In press).

Bonneux L, Barendregt JJ, Meeter K, Bonsel GJ, Van der Maas PJ. Estimating clinical
morbidity due to ischemic heart disease and congestive heart failure: the future rise of heart
failure. Am.J.Public Health 1994;84:20-8.

Bendey DC, Watson PS, Morrison GW. Pathways of ¢ oronary care--a computer-simulation
model of the potential for health gain. IMA Journal of Mathematics Applied in Medicine &
Biology 1995;12:315-28.

Bots ML,.Grobbee DE. Decline of coronary heart disease mortdity in The Netherlands from
1978 to 1985: contribution of medical care and changes over timein presence of major

cardiovascular risk factors. J.Cardiovasc.Risk 1996;3:271-6.

McNeil JJ, Peeters A, Liew D, Lim S, Vos T. A model for predicting the future incidence of
coronary heart disease within percentiles of coronary heart diseaserisk. Journal of
Cardiovascular Risk 2001;8:31-7.

Bronnum-Hansen H,.Juel K. Estimating mortality due to cigarette smoking: two methods,
same result. Epidemiology 2000;11:422-6.

Grover SA, Paguet S, Levinton C, Coupal L, Zowall H. Estimating the benefits of modifying
risk factors of cardiovascular disease: a comparison of primary vs secondary prevention.
Archivesof Internal Medicine 1998; 158:655-62.

Grover SA, Coupal L, Paquet S, Zowall H. Cost-effectiveness of 3-hydroxy -3-methylglutaryl -
coenzyme A reductase inhibitors in the secondary prevention of cardiovascular disease:
forecasting the incremental benefits of preventing coronary and cerebrovascular events.
Archives of Internal Medicine 1999; 159:593-600.

Kottke TE, Puska P, Salonen JT, Tuomilehto J, Nissinen A. Projected effects of high-risk
versus popul ation-based prevention strategiesin coronary heart disease. Am.J.Epidemiol.
1985; 121:697-704.

Naidoo B, Thorogood M, McPherson K, Gunning-Schepers LJ. Modelling the effects of
increased physica activity on coronary heart disease in England and Wales.
J.Epidemiol.Community Health 1997;51:144-50.

Naidoo B,.Chambers J. Using the PREVENT model in Birmingham (Society for Socid
Medicine abstract). Journal of Epidemiology and Community Health 1998;52:683.

Davies R. An assessment of models of a health system. J Op Res Soc 1985;36:679-86.

Jun JB, Jacobson SH, Swisher JR. Applications of discrete-event simulation in health care
clinics: asurvey.J Op Res Soc 1999;50:109-23.

151



261.

262.

263.

264.

265.

266.

267.

268.

269.

270.

271.

272.

273.

274.

275.

276.

Fone D, Hollinghurst S, Temple M, Round A, Lester N, Weightman A etal . Systematic
review of the use and value of computer simulation modelling in population health and health
care delivery. J.Public Health Med. 2003;25:325-35.

Juni P, Altman DG, Egger M. Systematic reviewsin health care: Assessing the quality of
controlled clinical trials. BMJ 2001; 323:42-6.

Murray CJ, Lauer JA, Hutubessy RC, Niessen L, TomijimaN, Rodgers A et al. Effectiveness
and costs of interventions to lower systolic blood pressure and cholesterol: a globa and
regional analysison reduction of cardiovascular~disease risk. Lancet 2003;361:717-25.

Una B, Critchley J, Fidan D, Capewell S. Life-years gained from modern cardiological
treatments and population risk factor changesin England and Wales, 1981-2000.
American Journal of Public Health 2003;(In press).

Department of Health. Coronary Heart Disease Information Strategy. 2001.
http://www.doh.gov.uk/i pu/strategy/nsf/chdisdoc.pdf . 17-6-2002.

ONSOffice for National Statistics. Deaths, 2000 registrations: Death by age, sex and
underlying cause, England and Wales. Health Satistics Quarterly 2001; 10:60-6.

EUROA SPIRE Study Group. A European Society of Cardiology survey of secondary
prevention of coronary heart disease: principa results. Eur Heart J1997; 18:1569-82.

Bowker TJ, Clayton TC, Ingham J, et d. A British Cardiac Society survey of the potentia for
the secondary prevention of coronary disease: ASPIRE (Action on Secondary Prevention
through Intervention to Reduce Events). Heart 1996;75:334-42.

Lifestyle and risk factor management and use of drug therapiesin coronary patientsfrom 15
countries; principal results from EUROASPIRE Il Euro Heart Survey Programme. Eur Heart
J 2001;22:554-72.

Brown N, Young T, Gray D, et a. Inpatient deaths from acute myocardia infarction, 1982-92:
analysis of datain the Nottingham heart attack register. BMJ 1997; 315:159-64.

The United Kingdom Heart Attack Study (UKHAS) Collaborative Group. Effect of time from
onset to coming under care on fatality of patients with acute myocardial infarction: effect of
resuscitation and thrombol ytic treatment. Heart 1998;80:114-20.

Shaper AG, Pocock SJ, Walker M, et al. British Regional Heart Study: cardiovascular risk
factors in middle-aged men in 24 towns, BMJ 1981;283:179-86.

ONSOffice for National Statistics-Social Survey Division. General Household Survey 1980.
London: Stationery Office, 1982.

Last J. A dictionary of epidemiology. Oxford: Oxford University Press, 1988.

McDonagh TA, Morrison CE, Lawrence A, Ford |, Tunstall-Pedoe H, McMurray JJetal .
Symptomatic and asymptomatic | eft-ventricular systolic dysfunction in an urban population.
Lancet 1997;350:829-33.

Morgan S, Smith H, Smpson |, Liddiard GS, Raphael H, Pickering RM et al. Prevalence and

clinical characteristics of left ventricular dysfunction among elderly patientsin general
practice setting: cross sectional survey. BMJ 1999; 318:368-72.

152



277.

278.

279.

280.

281.

282.

283.

284.

285.

286.

287.

288.

289.

290.

291

292.

OPCS-Office of Population Censuses and Surveys England& Wales. Mortadity Statistics 1981
cause. Review of the Registrar General on deaths by cause, sex and age, in England and
Wades, 1981. 1981. London:Stationery Office , ONS.

ONSOffice for National Statistics. Mortality Statistics cause. Review of the Registrar
General on deaths by cause, sex and age, in England and Wales, 1999. 2000.
London , Stationery Office.

Lampe FC, Whincup PH, Wannamethee SG, Shaper AG, Walker M, Ebrahim S. The natural
history of prevalent ischaemic heart disease in middle-aged men. Eur Heart J 2000;21:1052-
62.

Tunstal I-Pedoe H, Bailey L, Chamberlain DA, et a. Survey of 3765 cardiopulmonary
resuscitations in British hospitals (the BRESUS Study): methods and overall results.BMJ
1992;304:1347-51.

Pell JP, Sirel J, Marsden AK, Cobbe SM. Sex differences in outcome following community-
based cardiopulmonary arrest. Eur Heart J 2000;21:239-44.

NHS Precription Pricing Authority. PACT pages- Cardiovascular prescribing.
http://www.ppa.org.uk/news/pact-012002.htm . 17-2-2003.

Clarke KW, Gray D, Hampton JR. Evidence of inadequate investigation and treatment of
patients with heart failure. Br Heart J 1994;71:584-7.

Birkhead JS. Trendsin the provision of thrombolytic treatment between 1993 and 1997.
Myaocardial Infarction Audit Group. Heart 1999;82:438-42.

Whitford DL,.Southern AJ. Audit of secondary prophylaxis after myocardial infarction. BMJ
1994;309:1268-9.

Stewart S, Jenkind A, Buchan S, et a. The current cost of heart failure to the National Health
Servicein the UK. European Journal Heart Fail 2002;4:361-71.

Freemantle N, Mason J, Eccles M. Audit of use of ACE inhibitors and monitoring in general
practice. Guidelines on monitoring, on their own, are not sufficient. BMJ 1999; 318:1697.

Hippisley-Cox J, Pringle M, Crown N, Meal A, Wynn A. Sex inequalitiesin ischaemic heart
diseasein genera practice: cross sectional survey. BMJ 2001; 322:832.

RyanR,.Maeed A. Prevalence of ischaemic heart disease and its management with
statins and aspirin in general practice in England and Wales, 1994-98. Health Satistics
Quarterly 2001;12:34-9.

Sedgwick ML, Dalziel K, Watson J, Carrington DJ, Cobbe SM. Performance of an established
system of first responder out-of-hospital defibrillation. The results of the second year of the
Heartstart Scotland Project in the 'Utstein Styl€'. Resuscitation 1993;26:75-83.

Rowley IM, Mounser P, Harrison EA, et d. Management of myocardial infarction:
implications for current policy derived from the Nottingham Heart Attack Register. Br Heart J
1992;67:255-62.

Shaper AG, Ashby D, Pocock SJ. Blood pressure and hypertension in middle-aged British
men. JHypertens 1988;6:367-74.

153



293.

294.

295,

296.

297.

298.

299

301

302.

303.

305.

306.

The Caerphilly and Speedwell Collaborative Group. Caerphilly and Speedwell collaborative
heart disease studies. J Epidemiol Community Health 1984; 38:259-62.

Thelle DS, Shaper AG, Whitehead TP, et al. Blood lipidsin middle-aged British men. Br
Heart J 1983; 49:205-13.

OPCS-Officeof Population Censuses and Surveys. The dietary and nutritional survey of
British adults. London: HM SO, 1990.

Bennet N, Dodd T, et a. Hedlth Survey for England 1993. London: HM SO, 1995.

OPCS-Office of Population Censuses and Surveys- Socid Survey Division. The heights and
weights of adultsin Great Britain. London: Stationery Office, 1984.

Department for Transport. Transport Statistics Great Britain: 2001 Edition. London: The
Stationery Office, 2001.

The Sports Council and the Health Education Authority. Allied Dunbar National Fitness
Survey. London: Belmont Press, 1992.

Wannamethee G,.Shaper AG. Physicdl activity and stroke in British middle aged men.BMJ
1992; 304:597-601.

American Diabetes Association. Implications of the United Kingdom Prospective Diabetes
Study. Diabetes Care 2002; 25:528-S32.

Laing SP, Swerdlow SD, Slater SD. The British Diabetic Association Cohort Study, I1: cause
specific mortality in patients with insulin-treated diabetes mellitus. Diabet Med 1999; 16:466-
71.

Gatling W, Budd S, Walters D, et a. Evidence of an increasing prevalence of diagnosed
diabetes mellitus in the Poole area from 1983 to 1996. Diabet Med 1998;15:1015-21.

Ryan R, Newnham A, Khunti K, Majeed A. Prevalanceof of known diabetes mellitusin
genera practicein England and Wales 1994-1998. J Epidemiol Community Health
2002;56(Suppl 2):A7.

Matheson J, Summerfield C. Socia Trends 30- 2000 ed. Office for National Statistics.
London: Stationery Office, 2000.

Macfarlane A, Mugford M, Henderson J, Furtado A, Stevens J, and Dunn A. Birth Counts:
statistics of pregnancy and childbirth. 2001. Oxford, National Perinatal Epidemiology Unit.

Ref Type: Audiovisua Material

307.

308.

309.

310.

Barker DJ, Winter PD, Osmond C, Margetts B, Simmonds SJ. Weight in infancy and death
from ischaemic heart disease. Lancet 1989; 2:577-80.

Morrison, C. Mean cholesterol levels from MONICA Glasgow and Belfast 1985-1995. 26-2-
1997.

Gray J, Mgjeed A, Kerry S, Rowlands G. Identifying patients with ischaemic heart disease in
genera practice: cross sectional study of paper and computerised medical records. BMJ
2000;321:548-50.

Erens B, Primatesta P, Prior G, (eds).Health Survey for England - the health of minority
ethnic groups 99. London: The Stationary Office, 2001.

154



311

312.

313.

314.

315.

316.

317.

318.

319.

320.

321.

322.

323.

324.

325.

326.

Bain MR, Chamers JW, Brewster DH. Routinely collected datain national and regional
databases--an under - used resource. J Public Health Med 1997;19:413- 8.

Department of Health. NHS Performance Indicators : February 2002.
http://www.doh.gov.uk/nhsperformanceindicators’2002/technical.html . 2002. 17-2-2003.

Majeed FA,.Voss S. Performance indicators for general practice. BMJ 1995;311:209- 10.

Maclntyre K, Stewart S, Chamers J, et a. Relation between socioeconomic deprivation and
death from afirst myocardial infarction in Scotland: population based analysis.BMJ
2001;322:1152-3.

Salonen JT. Prevention of coronary heart disease in Finland--application of the population
strategy. Ann Med 1991;23:607-12.

Vartiainen E, Korhonen HJ, Pietinen P, Tuomilehto J, Kartovaara L, Nissinen A et al. Fifteen-
year trends in coronary risk factorsin Anland, with special reference to North Karelia. Int J
Epidemiol 1991;20:651-62.

Vartiainen E, Puska P, Jousilahti P, Korhonen HJ, Tuomilehto J, Nissinen A. Twenty-year
trendsin coronary risk factorsin north Kareliaand in other areas of Finland. Int J Epidemiol
1994;23:495-504.

Bjartveit K, Waien G. Cardiovascular disease risk factorsin Norway. Odo: SUSH, 1997.

U.S.Department of Health and Human Services. Plan and operation of the third National
Health and Nutrition Examination Survey, 1988-1994. Vital and Health Satistics 1994.

The role of Public Health Observatoriesin implementing the Coronary Heart Disease National
Service Framework. Report of a Workshop held by Association of Public Health
Observatories. 26-2-2001. http://www.sepho.org.uk/heartdisease/ CHD NSF.pdf.

Capewell S, Pell JP, Morrison C, McMurray J. Increasing the impact of cardiological
treatments. How best to reduce deaths [see commerts]. Eur.Heart J. 1999;20:1386-92.

Critchley JA,.Capewell S. Substantial potential for reductionsin coronary heart disease
mortality in the UK through changesin risk factor levels. J.Epidemiol.Community Health
2003;57:243-7.

Mant J,.Hicks N. Detecting differencesin quality of care: the sensitivity of measures of
process and outcome in treating acute myocardial infarction. BMJ 1995; 311:793-6.

Brown A, Taylor RS, Noorani H, Stone J, Skidmore B. A Systematic Clinical and Economic
Review of Exer cise-Based Cardiac Rehabilitation Programsfor Coronary Artery Disease.
Ottawa, Canada (in press): Canadian Coordinating Office for Health Technology Assessment,
2003.

Wald NJ,.Law MR. A strategy to reduce cardiovascular disease by morethan 80%. BMJ
2003;326:1419.

Wynne-Jones K, Jackson M, Grotte G, Bridgewater B, on behalf of the North West Regional

Cardiac Surgery Audit Steering Group. Limitations of the Parsonnet score for measuring risk
stratified mortality in the north west of England. Heart 2000;84:71-8.

155



327.

328.

329.

330.

331

332

333.

335.

336.

337.

338.

339.

341

342.

Martin RM, Hemingway H, Gunnell D, Karsch KR, Baumbach A, Frankel S. Population need
for coronary revascularisation: are national targets for England credible? Heart 2002; 88:627-
33.

Sculpher MJ, Seed P, Henderson RA, Buxton MJ, Pocock SJ, Parker J et al. Health service
costs of coronary angioplasty and coronary artery bypass surgery: the Randomised
Intervention Treatment of Angina (RITA) trial. Lancet 1994; 344:927-30.

Folland ED, Hartigan PM, Parisi AF. Percutaneous translumina coronary angioplasty versus
medical therapy for stable angina pectoris. outcomes for patients with double-vessel versus
single-vessal coronary artery diseasein aVeterans Affairs Cooperative randomized trial.
Veterans Affairs ACME Investigators. JAmM.Coll.Cardiol. 1997;29:1505-11.

Yusuf S, Zucker D, Peduzzi P, Fisher LD, Takaro T, Kennedy JW et al. Effect of coronary
artery bypass graft surgery on survival: overview of 10-year results from randomised trials by
the Coronary Artery Bypass Graft Surgery Trialists Collaboration. Lancet 1994;344:563-70.

Nichol MB, Venturini F, Sung JC. A critical evaluation of the methodology of the literature on
medication compliance. Ann.Pharmacother. 1999; 33:531-40.

Office for National Statistics. Socia Trends. 2001(31). 2001. London, Stationery Office.

Magnus P,.Beaglehole R. Thereal contribution of the major risk factors to the coronary
epidemics: timeto end the"only-50%" myth. Arch.Intern.Med. 2001;161:2657-60.

Heller RF, Buchan |, Edwards R, Lyratzopoulos G, McElduff P, St Leger S. Communicating
risks at the population level: application of population impact numbers. BMJ 2003;327:1162-
5.

Wannamethee SG,.Shaper AG. Physical activity in the prevention of cardiovascular disease:
an epidemiological perspective. Sports Med. 2001; 31:101-14.

McPherson K, Britton A, and Causer L. Coronary heart disease: Estimating the impact of
changesin risk factors. 1-60. 2002. Nationa Heart Forum 2002. ISBN 0 11 7028649.

Sigfusson N, Sigvaldson H, Steingrimsdottir L, et al. Declinein ischaemic heart diseasein
Iceland and change in risk factor levels. BMJ 1991;302:1371-5.

Khaw KT, Wareham N, Luben R, Bingham S, Oakes S, Welch A etal. Glycated
haemogl dbin, diabetes, and mortality in men in Norfolk cohort of european prospective
investigation of cancer and nutrition (EPIC- Norfolk). BMJ 2001;322:15-8.

Capewell S, Chalmers, J.,, and Macintyre, K. Social gradientsin AMI mortality rates rates (per
100,000) in the Scottish population 1986- 1995 (quintiles of deprivation in men). 2000.

Smith GD, Hart C, Watt G, Hole D, Hawthorne V. Individua socia class, area-based
deprivation, cardiovascular disease risk factors, and mortality: the Renfrew and Paisley Study.
J.Epidemiol.Community Health 1998;52:399-405.

Briggs A. Economics notes. handling uncertainty in economic evaluation. BMJ 1999;319:120.
Sayer JW, Archbold RA, Wilkinson P, Ray S, Ranjadayalan K, Timmis AD. Prognostic

implicaions of ventricular fibrillation in acute myocardial infarction: new strategies required
for further mortality reduction. Heart 2000; 84:258-61.

156



347.

349.

350.

351

352.

353.

355.

356.

357.

358.

359.

French JK, Williams BF, Hart HH, Wyatt S, Poole JE, Ingram Cet al . Prospective evaluation
of digibility for thrombolytic therapy in acute myocardia infarction. BMJ 1996,;312:1637-41.

Barakat K, Wilkinson P, Deaner A, Fluck D, Ranjadayalan K, Timmis A. How should age
affect management of acute myocardial infarction? A prospective cohort study. Lancet North
Am.Ed1999;353:955-9.

Hardy K,.O'Brien S. Intravenous beta blockade in acute myocardia infarction. In one health
district, only 0.2% eligible for intravenous blockade received it. BMJ 1999;318:329.

Owen A. Intravenous beta blockade inacute myocardia infarction. Should be used in
combination with thrombolysis. BMJ 1998; 317:226-7.

Woods KL. Thrombolytic drugsin myocardial infarction.BMJ 1989;298:186- 7.

Ferguson JD, Chase AJ, Springings DC, Birkhead JS. Intravenous beta-blokade for suspected
myocardia infarction isaneglected therapy (Abstract). Heart 1999; 81:27.

Reid FD, Cook DG, Whincup PH. Use of statinsin the secondary prevention of coronary heart
disease: is treatment equitable?Heart 2002;88:15-9.

W hincup PH, Emberson JR, Lennon L, Walker M, Papacosta O, Thomson A. Low prevalence
of lipid lowering drug use in older men with established coronary heart disease. Heart
2002;88:25-9.

British Regional Heart Study Newsletter No.46. 2001. 2001. London, BRHS, Primary Care &
Population Sciences, Royal Free & University College Medical School, University College.

DeWilde S, Carey IM, Bremner SA, Richards N, Hilton SR, Cook DG. Identifying and
explaining variation in lipid lowering drug use using the doctors' independent network
database. Journal of Epidemiology and Community Health 2002; 56(Suppl 11):A17.

Benner JS, Glynn RJ, Mogun H, Neumann PJ, Weinstein MC, Avorn J. Long-term persistence
in use of statin therapy in elderly patients. JAMA 2002;288:455-61.

Jackevicius CA, Mamdani M, Tu JV. Adherence with statin therapy in elderly patientswith
and without acute coronary syndromes.JAMA 2002; 288:462-7.

Bethell HJ, Turner SC, Evans JA, Rose L. Cardiac rehabilitation in the United Kingdom. How
complete is the provision? J.Cardiopulm.Rehabil. 2001;21:111-5.

Collinson J, Flather MD, Fox KA, Findlay |, Rodrigues E, Dooley Pet al . Clinica outcomes,
risk stratification and practice patterns of unstable angina and myocardial infarction without
ST elevation: Prospective Registry of Acute Ischaemic Syndromesin the UK (PRAISUK).
Eur.Heart J. 2000; 21:1450-7.

Cleland JG, Cohen-Solal A, Aguilar JC, Dietz R, Eastaugh J, Follath Fet al . Management of
heart failure in primary care (the IMPROVEMENT of Heart Failure Programme): an
international survey. Lancet 2002; 360:1631-9.

EllisC, Gnani S, Mgeed A. Prevalence and management of heart failure in general practicein
England and Wales, 1994-98. Health Satistics Quarterly 2001;11:17-24.

Packham C, Pearson J, Robinson J, Gray D. Use of statinsin general practices, 1996-8: cross
sectional study. BMJ 2000; 320:1583-4.

157



360.

361.

362.

363.

364.

365.

366.

367.

368.

369.

370.

371.

372.

373.

374.

375.

Cobbe SM, Dazidl K, Ford I, Marsden AK. Survival of 1476 patientsinitially resuscitated
from out of hospital cardiac arrest. BMJ 1996; 312:1633-7.

Callins R, MacMahon S, Flather M, Baigent C, Remvig L, Mortensen Setal. Clinica effects
of anticoagulant therapy in suspected acute myocardial infarction: systematic overview of
randomisedtrials. BMJ 1996;313:652-9.

Estess IM,.Topol EJ. Fibrinolytic treatment for elderly patients with acute myocardial
infarction. Heart 2002; 87:308-11.

Lau J, Antman EM, JimenezSilva J, Kupelnick B, Mosteller F, Chalmers TC. Cumulative
meta analysis of therapeutic trials for myocardia infarction. N.Engl.J.Med. 1992;327:248-54.

Oler A, Whooley MA, Oler J, Grady D. Adding heparin to aspirin reduces the incidence of
myocardial infarction and death in patients with unstable angina. A metaandyss. JAMA
1996;276:811-5.

BoersmaE, Harrington RA, Maliterno DJ, White H, Theroux P, Van de WFet a . Platelet
glycoprotein I1b/I1lainhibitorsin acute coronary syndromes. ameta-analysis of al major
randomised clinical trials. Lancet 2002;359:189-98.

Callins R, Peto R, MacMahon S, Hebert P, Fiebach NH, Eberlein KA et al. Blood pressure,
stroke, and coronary heart disease. Part 2, Short -term reductions in blood pressure: overview

of randomised drug trialsin their epidemiological context. Lancet 1990; 335:827-38.

Menotti A, Blackburn H, Kromhout D, Nissinen A, Fidanza F, Giampaoli Setal. Changes in
population cholesterol levels and coronary heart disease deaths in seven countries.Eur Heart J
1997;18:566-71.

van den Hoogen PC, Feskens EJ, Nagelkerke NJ, Menatti A, Nissinen A, Kromhout D. The
relation between blood pressure and mortality due to coronary heart disease anong menin
different parts of the world. Seven Countries Study Research Group. N.Engl.J Med

2000;342:1-8.

Stevens J, Cai J, Pamuk ER, Williamson DF, Thun MJ, Wood JL. The effect of age on the
association between body -mass index and mortality. N.Engl.J.Med. 1998;338:1- 7.

Swerdlow AJ,.Jones ME. Mortality during 25 years of follow-up of acohort with diabetes.
Int.J.Epidemiol. 1996;25:1250-61.

Lee IM, Rexrode KM, Cook NR, Manson JE, Buring JE. Physical activity and coronary heart
disease in women: is"no pain, no gain" passe? JAMA 2001; 285:1447-54.

Sackett DL. Evidence-based medicine and treatnment choices. Lancet 1997;349:570-3.

McGovern PG, Jacobs DR, Jr., Shahar E, Arnett DK, Folsom AR, Blackburn H et al. Trends
in acute coronary heart disease mortality, morbidity, and medical care from 1985 through
1997: the Minnesota heart survey.Cir culation 2001;104:19-24.

Department of Health. Saving Lives: Our Healthier Nation. 1999. London, The Stationery
Office.

Doliszny KM, Luepker RV, Burke GL, Pryor DB, Blackburn H. Estimated contribution of

coronary artery bypass graft surgery to the decline in coronary heart disease mortality: the
Minnesota Heart Survey.Journal of the American College of Cardiology 19%4; 24:95-103.

158



376.

377.

378.

379.

380.

381.

382.

383.

385.

386.

387.

388.

389.

390.

Lang T, Barling D, Caraher M. Food, Socia Policy and the Environment: Towards a New
Model. Social Policy and Administration 2001;35:538-58.

ONSOfficefor National Statistics. Annual Abstract of Statistics. London: The Stationery
Office, 2002.

Ides CG, Walker LM, Beevers GD, Brown |, Cameron HL, Clarke Jet al . Mortality in
patients of the Glasgow Blood Pressure Clinic. J.Hypertens. 1986;4:141-56.

Astbury J. Survival after coronary artery bypass surgery. 1-5 year survival. Dataserviced from
the SMR20 scheme Scotland 1983-1990. 1991.

Pell JP, Macintyre K, Walsh D, Capewell S, M cMurray JJ, Chalmers JW e d . Timetrendsin
surviva and readmission following coronary artery bypass grafting in Scotland, 1981-96:
retrospective observational study. BMJ 2002;324:201-2.

Y udkin JS. How can we best prolong life? Benefits of coronary risk factor reduction in non-
diabetic and diabetic subjects. BMJ 1993;306:1313- 8.

Grover SA, Paguet S, Levinton C, Coupal L, Zowall H. Estimating the benefits of modifying
risk factors of cardiovascular disease: acomparison of primary vs secondary prevention.
Arch.Intern.Med. 1998;158:655-62.

The Tobacco Advertising and Promotion Act 2002. Chapter 36. 2002. London, The Stationery
Office. ISBN 0 10 543602 X.

Smoking Kills: A White Paper on Tobacco. 1998. London, Stationery Office.

Bunker JP. The role of medical care in contributing to health improvements within societies.
Int.J.Epidemiol. 2001;30:1260-3.

Critchley JA, Capewell S, Unal B. Life-years gained from coronary heart disease mortality
reduction in Scotland: prevention or treatment?Journal of Clinical Epidemiology
2003;56:583-90.

McCallum AK, Whincup PH, MorrisRW, Thomson A, Walker M, Ebrahim S. Aspirin usein
middle-aged men with cardiovascular disease; are opportunities being missed?
Br.J.Gen.Pract. 1997;47:417-21.

Reid T. Women's health. Coronary heart disease and the risk to women. Nurs.Times
1995;91:27-9.

Robinson MB, Thompson E, Black NA. Evaluation of the effectiveness of guidelines, audit
and feedback: improving the use of intravenous thrombolysisin patients with suspected acute
myocardial infarction. Int J Qual.Health Care 1996;8:211-22.

Nationd Ingtitute of Clinical Excellence (NICE). Prophylaxisfor patients who have
experienced a myocardial infarction: drug treatments, rehabilitation and dietary
manipulation. 2001. London, Nationa Institute for Clinical Excellence .

Ref Type: Report

391

Jeffery RW, Gray CW, French SA, Hellerstedt WL, Murray D, Luepker RV et al. Evaluation
of weight reduction in acommunity intervention for cardiovascular disease risk: changesin
body mass index in the Minnesota Heart Health Program. Int.J.Obes.Relat Metab Disord.
1995;19:30-9.

159



392.

393.

394

395.

396.

397.

398.

399.

401.

402.

403.

U.S.Department of Health and Human Services. Healthy People 2010. With Understanding
and Improving Health and Objectives for Improving Health. Washington, DC: Government
Printing Office, 2000.

Tudor-Smith C, Nutbeam D, Moore L, Catford J. Effects of the Heartbeat Wales programme
over five years on behavioural risksfor cardiovascular disease: quasi-experimental
comparison of results from Wales and amatched reference area. BMJ 1998; 316:818-22.

Tuomilehto J, Lindstrom J, Eriksson JG, Valle TT, Hamalainen H, llanne-Parikka Petal .
Prevention of type 2 diabetes mellitus by changesin lifestyle among subjects with impaired
glucose tolerance. N.Engl.J.Med. 2001; 344:1343-50.

Una Adan B, Critchley J, McMurray JJ, Capewell S. Reducing coronary heart disease
mortality in England and Wales by increasing the uptake of cardiological treatments. Journal
of Epidemiology and Community Health (Abstract) 2002;56:A9.

World Health Organization. Draft WHO framework convention on
tobacco control. http://www.who.int/gb/fctc/PDF/inb@einb65.pdf . 5-6-2003.

Cooper R, Cutler J, Desvigne-Nickens P, Fortman SP, Friedman L, Havlik R et al. Trends and
Disparitiesin Coronary Heart Disease, Stroke, and Other Cardiovascular Diseases in the
United States. Circulation 2000; 102:3137-47.

Kottke TE, Gatewood L C, Wu SC, Park HA. Preventing heart disease: istreating the high risk
sufficient?J.Clin.Epidemiol.1988;41:1083-93.

Puska P, Tuomilehto J, Nissinen A, Vartiainen E. The North Karelia Project. 20 year results
and experiences. Helsinki: The Nationa Public Health Ingtitute (KTL), Finland, 1995.

National Centre for Socia ResearchUniversity College London Department of Epidemiology
and Public Health. Health Survey for England 2000: hedlth of older people. London:
Stationery Office, 2002.

Fidan D, Und B, Critchley J, Miners A, Capewell S. Economic analysis of treatments
contributing to the recent coronary heart disease mortality declinein England and Wales.
Journal of Epidemiology & Community Health 2003;57:A14.

McAlister FA. Commentary: relative treatment effects are consistent across the spectrum of
underlying risks, usudly. Int.J.Epidemiol. 2002;31:76-7.

Moher M, Yudkin P, Wright L, Turner R, Fuller A, Schofield T etal. Cluster randomised
controlled trial to compare three methods of promoting secondary prevention of coronary
heart disease in primary care. BMJ 2001; 322:1338.

National Service Framework for coronary heart disease: Delivering better heart services-
Progress report 2003. 2003.

160



APPENDICES

161



